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ELECTRONIC DEVICE, METHOD AND 
COMPUTER-READABLE MEDUM 

FIELD OF THE INVENTION 

0001. The disclosure relates to the field of communica 
tion, and particularly to a cognitive radio communication 
system, an apparatus and a method used therein. 

BACKGROUND OF THE INVENTION 

0002 Under a scenario of cognitive radio (CR), in order to 
allow a secondary system (SS) without a licensed spectrum to 
have an opportunity to access a licensed spectrum of a pri 
mary system (PS), the primary system needs to have a capa 
bility of discovering a spectrum usage. A user in the primary 
system (which is referred to as a secondary user (SU)) senses 
the spectrum being used by the primary system, judges 
whether there is a primary user (PU) (i.e., a user in the primary 
system) signal, and decides how to use the spectrum of the 
primary system without interfering the PU. 

SUMMARY OF THE INVENTION 

0003. The inventor of the present disclosure finds that: 
under a cognitive radio scenario, a secondary system needs to 
know about uplink/downlink configuration for a channel 
resource in a primary system (i.e., whether each channel 
resource is used for uplink transmission or downlink trans 
mission) first, as the basis for Subsequent spectrum sensing 
and interference control. For example, taking a case that the 
primary system is a communication system based on time 
division transmission (such as a time division duplex (TDD) 
communication system) as an example, transmission of an 
uplink channel resource and transmission of a downlink chan 
nel resource thereof are performed alternatively in a time 
scale. The minimum duration for uplink/downlink transmis 
sion is generally referred to as a Sub-frame. That is, under the 
cognitive radio scenario, a secondary user needs to know 
about an uplink/downlinktype of each Sub-frame. In addition, 
in the TDD system, several uplink/downlink sub-frames are 
combined into a frame, and the combination of the uplink/ 
downlink sub-frames in each frame is referred to as an uplink/ 
downlink configuration. Generally, there can be many types 
of the uplink/downlink configurations (which is referred to as 
"frame configuration'), and configurations of these types are 
illustrated in detail in related communication standards. 
0004. In the prior art, it is generally assumed that the 
secondary system has already know about the uplink/down 
link configuration for a channel resource in the primary sys 
tem. For example, it is generally assumed that the secondary 
system acquires uplink/downlink configuration information 
of the channel resource in the primary system by performing 
information interaction with the primary system. However, 
this does not coincide with the requirements that the primary 
system cannot change its system setting and the secondary 
system is transparent to the primary system under the cogni 
tive radio scenario. In addition, in a case that the primary 
system may actively transmit its channel resource configura 
tion information to the secondary system, there may be a 
selfish behavior that the primary system deliberately trans 
mits error information to prevent the secondary system from 
using the spectrum of the primary system. 
0005. Some embodiments of the disclosure provide an 
apparatus and a method used in a cognitive radio system (i.e., 
a secondary system), with the apparatus or the method, the 
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secondary system can acquire uplink/downlink configuration 
information of the channel resource in the primary system 
without performing information interaction with the primary 
system, thereby ensuring correctness of the information 
acquired by the secondary system. 
0006. A brief summary regarding the disclosure is given 
hereinafter, to provide basic understanding about some 
aspects of the disclosure. It should be understood that, this 
Summary is not an exhaustive Summary about the disclosure. 
This Summary neither intends to determine a critical or 
important part of the disclosure, nor intends to limit the scope 
of the disclosure. The Summary only aims at giving some 
concepts in a simplified form as a preamble for description 
discussed later in more detail. 

0007 According to one aspect of the disclosure, an appa 
ratus used in a cognitive radio communication system is pro 
vided. The apparatus may include: a receiving device, 
adapted to receive a communication signal between appara 
tuses in another radio communication system; a feature 
extracting device, adapted to extract, from the communica 
tion signal, one or more features that can reflect the difference 
between an uplink transmission mode and a downlink trans 
mission mode of the another radio communication system; 
and an uplink/downlink judging device, adapted to judge 
whether a channel resource occupied by the communication 
signal is used for uplink transmission or downlink transmis 
sion according to the feature(s). 
0008 According to another aspect of the disclosure, a 
cognitive radio system is provided, which may include the 
above apparatus. The above apparatus may be equipped in a 
user apparatus in the cognitive radio system, or in a base 
station in the cognitive radio system. 
0009. According to yet another aspect of the disclosure, a 
method used in a cognitive radio communication system is 
provided. The method may include: receiving a communica 
tion signal between apparatuses in another radio communi 
cation system; extracting, from the communication signal, 
one or more features that can reflect the difference between an 
uplink transmission mode and a downlink transmission mode 
of the another radio communication system; and judging 
whether a channel resource occupied by the communication 
signal is used for uplink transmission or downlink transmis 
sion according to the feature(s). 
0010. In addition, an embodiment of the disclosure further 
provides a computer program for implementing the above 
method. 

0011. Further, an embodiment of the disclosure further 
provides a computer program product which is at least in the 
form of a computer readable medium, with a computer pro 
gram code recorded thereon for implementing the above 
method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 Referring to the following illustration of embodi 
ments of the disclosure that is made in conjunction with the 
accompanying drawings, it will be easier to understand the 
above and other objectives, characteristics and advantages of 
the disclosure. Components in the accompanying drawings 
are just used to illustrate the principle of the disclosure. In the 
accompanying drawings, same or similar reference numbers 
are used to indicate same or similar technical characteristics 
or components. 
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0013 FIG. 1 is a schematic flow chart of a method used in 
a cognitive radio system according to an embodiment of the 
disclosure; 
0014 FIG. 2 is a schematic flow chart of a method used in 
a cognitive radio system according to a specific embodiment; 
0015 FIG. 3 is a schematic diagram illustrating an appli 
cation scenario applicable for the disclosure; 
0016 FIG. 4 is a schematic flow chart of a method used in 
a cognitive radio system according to another embodiment; 
0017 FIG. 5 is a chart illustrating frame configurations 
used in the TD-LTE (Time Division Long Term Evolution) 
standard; 
0018 FIG. 6 is a schematic flow chart illustrating an 
example of a method for calculating a matching distance; 
0.019 FIG. 7 is a schematic flow chart of a method used in 
a cognitive radio system according to another specific 
embodiment of the disclosure; 
0020 FIG. 8 is a schematic flow chart of a method used in 
a cognitive radio system according to another specific 
embodiment of the disclosure; 
0021 FIGS. 9(A), 9(B) and 9(C) respectively shows mod 
els for utilizing multiple apparatuses in a cognitive radio 
system to detect uplink/downlink configuration for a channel 
resource in another radio system; 
0022 FIG.10 is a schematic block diagram illustrating the 
structure of an apparatus used in a cognitive radio system 
according to an embodiment; 
0023 FIG. 11 is a schematic block diagram illustrating the 
structure of an apparatus used in a cognitive radio system 
according to another embodiment; 
0024 FIG. 12 is a schematic block diagram illustrating the 
structure of a computer for implementing an embodiment or 
an example of the disclosure; 
0025 FIGS. 13 and 14 are schematic diagrams respec 

tively illustrating application scenarios of multiple primary 
system cells adopting different frequency reuse strategies; 
0026 FIG. 15 is a schematic diagram illustrating an 
example of a scenario where a secondary system is located in 
multiple primary system cells; and 
0027 FIG. 16 is a schematic diagram illustrating another 
example of a scenario where a secondary system is located in 
multiple primary system cells. 

DETAILED DESCRIPTION OF THE INVENTION 

0028 Embodiments of the disclosure are illustrated here 
inafter in conjunction with the accompanying drawings. Ele 
ments and features described in one accompanying drawing 
or one embodiment of the disclosure may be combined with 
elements and features shown in one or more other accompa 
nying drawings or embodiments. It should be noted that, for 
the purpose of clarity, representation and description of com 
ponents and processing which are unrelated with the disclo 
sure and have been known by those skilled in the art are 
omitted in the accompanying drawings an the specification. 
0029 Embodiments of the disclosure provide an appara 
tus and a method used in a cognitive radio system (which is 
also referred to as a secondary system), so that the secondary 
system can acquire uplink/downlink configuration informa 
tion of a channel resource in another radio communication 
without performing information interaction with that system. 
In the disclosure, the another radio communication system 
may also be referred to as a primary system, which may be 
any communication system applicable for a cognitive radio 
scenario, for example, a radio communication system based 
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on time division transmission (such as a TDD communication 
system), which is not enumerated here. 
0030 FIG. 1 is a schematic flow chart of a method used in 
a cognitive radio system according to an embodiment of the 
disclosure. In this method, an apparatus in the secondary 
system judges the uplink/downlink configuration of a channel 
resource in the primary system according to transmission 
feature(s) of a communication signal in the primary system. 
0031. As shown in FIG. 1, the method may include steps 
102, 104 and 106. 
0032. At step 102, an apparatus in the secondary system 
receives a communication signal between apparatuses in the 
primary system. Here, the apparatus in the secondary system 
may be a user apparatus in the secondary system (which is 
also referred to as a secondary user), and may also be a base 
station apparatus in the secondary system. 
0033. At step 104, the apparatus in the secondary system 
extracts one or more features from the received communica 
tion signal. The extracted features may be any feature of an 
uplink/downlink communication signal in the primary sys 
tem which can reflect the difference between an uplink trans 
mission mode and a downlink transmission mode of the pri 
mary system. Thus, at step 106, the apparatus in the second 
system may judge whether a channel resource occupied by 
the received communication signal of the primary system is 
used for uplink transmission or downlink transmission, 
according to the extracted features. In other words, the appa 
ratus in the secondary system can know about uplink/down 
link configuration for the channel resource in the primary 
system by analyzing the received communication signal of 
the primary system. 
0034. The inventor of the disclosure finds that, in different 
communication systems, there may be some significant dif 
ferences between an uplink communication signal and a 
downlink communication signal. For example, the transmis 
sion powers adopted in an uplink signal and a downlink signal 
are different. Typically, the transmission power of the down 
link signal is significantly higher than that of the uplink sig 
nal. In this case, the apparatus in the secondary system may 
extract, from the communication signal of the primary sys 
tem, a feature capable of reflecting the transmission power of 
the communication signal, thereby judge whether the channel 
resource occupied by the communication signal is used for 
the uplink transmission or the downlink transmission. The 
apparatus in the secondary system may extract, from the 
communication signal, the feature reflecting the transmission 
power of the communication signal with any suitable method, 
for example, an energy detection method described later with 
reference to FIG. 2 or Formulas (1) to (3), which is not 
illustrated here in detail. 

0035. As another example, in some communication sys 
tems, the modulation modes adopted for the uplink signal and 
the downlink signal are different. Therefore, the apparatus in 
the secondary system may extract, from the communication 
signal of the primary system, a feature capable of reflecting 
the modulation mode for the communication signal as the 
feature. Any suitable method may be adopted to extract, from 
the communication signal, the feature reflecting the modula 
tion mode for the communication signal, for example, a 
wavelet transform algorithm for recognizing the modulation 
mode or the like may be utilized to extract the feature reflect 
ing the modulation mode, which is not illustrated here in 
detail. 
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0.036 AS another example, in Some communication sys 
tems, the peak-to-average ratio of the uplink signal is differ 
ent from that of the downlink signal. In this case, the appara 
tus in the secondary system may calculate a peak-to-average 
ratio according to the communication signal of the primary 
system as the feature, to judge whether the channel resource 
occupied by the communication signal is used for the uplink 
transmission or the downlink transmission. 
0037. In a specific embodiment, the apparatus in the sec 
ondary system may extract, from the communication signal 
of the primary system, any one of a feature reflecting the 
transmission power, a feature reflecting the modulation mode 
or a peak-to-average ratio, as the feature. As an another spe 
cific embodiment, the apparatus in the secondary system may 
extract two or more of the above features from the commu 
nication signal of the primary system, and utilize the 
extracted two or more features to judge whether the channel 
resource occupied by the communication signal is used for 
the uplink transmission or the downlink transmission, thereby 
making Subsequent judgment result more accurate. 
0038. In addition, it should be understood that, the features 
described above are exemplary but not exhaustive. Any other 
feature capable of reflecting the difference between the uplink 
transmission mode and the downlink transmission mode for 
the primary system may be adopted, which is not limited to 
the features listed above. 

0039. In the method described above with reference to 
FIG. 1, the apparatus in the secondary system judges the 
uplink/downlink configuration for the channel resource in the 
primary system by utilizing the received communication sig 
nal from the primary system. With this method, there is no 
need for the apparatus in the secondary system to perform 
information interaction with an apparatus in the primary sys 
tem, therefore, there is no need for the primary system to 
change its system configuration, which can better meet the 
requirement that the secondary system is transparent to the 
primary system under the cognitive radio scenario. 
0040 Some specific embodiments according to the disclo 
sure will be described in the following. 
0041 FIG. 2 shows a specific embodiment of a method 
used in a cognitive radio system according to the disclosure. 
In the specific embodiment, the apparatus in the secondary 
system may extract, from the communication signal of the 
primary system, a feature reflecting the transmission power of 
the communication signal, for judging the uplink/downlink 
configuration for the channel resource in the primary system. 
0042. As shown in FIG. 2, at step 202, the apparatus in the 
secondary system receives a communication signal between 
apparatuses in the primary system. Then, at Step 203, the 
apparatus in the secondary system may extract synchroniza 
tion information in the received communication signal to 
locate channel resources occupied by the communication 
signal. Taking a case that the primary system is a communi 
cation system based on time division transmission as an 
example, after receiving the communication signal of the 
primary system, the apparatus in the secondary system may 
first locate a sub-frame header and a frame header. Here, the 
frame and the Sub-frame are the channel resources, the Sub 
frame header and the frame header respectively indicate a 
boundary between sub-frames and a boundary between 
frames, and locating the channel resources means locating the 
boundaries between the frames and boundaries between the 
Sub-frames. Here, the secondary system needs to have priori 
knowledge about definition for a synchronization signal and 
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definition for synchronous timing in related communication 
standards of the primary system. These priori knowledge may 
be pre-stored in a storage device (not shown in the figure) of 
the apparatus in the secondary system. The secondary system 
may utilize the synchronization signal defined in the commu 
nication standard of the primary system to perform circular 
correlation detection with a primary user signal, and locate 
the starting time of each Sub-frame and the staring time of 
each frame in combination with the synchronous timing 
defined in the communication standard. It can be understood 
by those skilled in the art, any suitable method may be 
adopted to perform the circular correlation detection, which is 
not illustrated here in detail. In addition to the above priori 
knowledge, other priori knowledge is not needed by the appa 
ratus in the secondary system in performing the circular cor 
relation detection. Generally, only several radio frames are 
needed for the apparatus in the secondary system to imple 
ment a synchronizing process of the Sub-frames and frames. 
The locating process of the sub-frame headers and the frame 
headers are similar to the synchronizing processes in initial 
ization of the primary system, which are not illustrated here in 
detail. 

0043. Then, at step 204, the apparatus in the secondary 
system may estimate the energy value of the communication 
signal in the channel resource it occupied in the primary 
system, as the feature for judging the uplink/downlink con 
figuration for the channel resource. Any suitable method may 
be adopted to estimate the energy value of the communication 
signal (for example, an example described later with refer 
ence to Formulas (1) to (3)) as the feature reflecting the 
transmission power of the communication signal, which is 
not illustrated here in detail. Subsequently, at step 206, the 
apparatus in the secondary system judges whether a prede 
termined relationship is satisfied between the estimated 
energy value and a predetermined threshold value (which is 
referred to as a first threshold value), and if yes, then judges 
that the channel resource is used for the downlink transmis 
sion; otherwise, judges that the channel resource is used for 
the uplink transmission. Generally, the downlink transmis 
sion generally adopts constant power; and for the uplink 
transmission, since the number of the primary users, the num 
ber of allocated sub-carriers, the allocated power and the like 
are different, the magnitudes of uplink transmission power 
are different. However, the downlink transmission power is 
always much larger than the uplink transmission power. In 
order to distinguish the downlink transmission and the uplink 
transmission, an extreme case that the transmission power of 
the uplink transmission is maximum (i.e., a case that all 
Sub-carriers are allocated) need to be considered, to more 
accurately distinguish the uplink transmission and the down 
link transmission. Therefore, the apparatus in the secondary 
system may set the first threshold value according to the 
downlink transmission power and the maximum uplink trans 
mission power of the primary system. For example, any value 
between the downlink transmission power and the maximum 
uplink transmission power (Such as an average value thereof 
or a mid-value therebetween) may be set as the first threshold 
value. When the estimated energy value is larger than the first 
threshold value, it can be judged that the channel resource is 
used for the downlink transmission; otherwise, it can be 
judged that the channel resource is used for the uplink trans 
mission. It should be understood that, in different application 
scenarios, the downlink transmission power as well as the 
maximum uplink transmission power of the primary system 
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may be different, therefore, the specific value of the predeter 
mined threshold value is not specifically defined here. In 
addition, information about the downlink transmission power 
and the maximum uplink transmission power of the primary 
system and the like may be stored, as the priori knowledge, in 
a storage device (which is not shown in the figure) of the 
apparatus in the secondary system or in a storage device 
which is separate from the apparatus in the secondary system 
but accessible by the apparatus in the secondary system, 
which is not described here in detail. 

0044. In the specific embodiment described above, the 
apparatus in the secondary system judges the uplink/down 
link configuration for the channel resource in the primary 
system by utilizing the difference between the uplink trans 
mission power and the downlink transmission power. In addi 
tion to the downlink transmission power and the maximum 
uplink transmission power of the primary system, the second 
ary system does not need to acquire other priori knowledge 
about the primary system for judging the uplink/downlink 
configuration, thereby facilitating the deployment of the sec 
ondary system. 
0045 Optionally, after the apparatus in the secondary sys 
tem estimates the energy value of the communication signal 
in the channel resource it occupied in the primary system and 
judges that the channel resource is used for the uplink trans 
mission by utilizing the estimated energy value, the apparatus 
in the secondary system may further judge whether the uplink 
channel resource is idle (such as the step shown in the dashed 
line block 208 in FIG. 2). 
0046 Taking the application scenario shown in FIG.3 as 
an example, it is assumed that the primary system is a com 
munication system based on time division transmission. As 
shown in FIG.3, it is assumed that there is one primary system 
(PS) and one secondary system (SS) in the application sce 
nario. The primary system includes one primary base station 
(PSB) and n, primary users (PU), and the secondary system 
includes one secondary base station (SBS) and n secondary 
users (SU). The secondary system tries to use a channel 
resource in the primary system that is close to the secondary 
system. Here, it is assumed that the secondary system is at the 
edge of the primary system cell, the primary users are ran 
domly distributed within the primary system having a cell 
radius of R, and the secondary users are randomly distrib 
uted within the secondary system having a cell radius of Rs. 
0047. It is assumed that the primary system is a commu 
nication system adopting TD-LTE (Time Division Long Term 
Evolution) standard, and 10 sub-frames are included in each 
frame, i.e., n-10. The apparatus in the secondary system 
needs to detect the uplink/downlink configurations for the 10 
Sub-frames in each frame, that is, judge whether each Sub 
frame in the frame is used for uplink transmission or down 
link transmission. As a specific example, the apparatus in the 
secondary system may estimate an energy value of each 
received sub-frame with an energy detection method. In this 
instance, a method that performs Fast Fourier Transform 
(FFT) on the received communication signal is used to 
acquire a sample of each symbol on a Sub-carrier. Assuming 
that n secondary users detect the uplink/downlink configu 
ration for each Sub-frame simultaneously, and s.l. 
k(1sisn) is the sample of an 1-th symbol on a k-th Sub 
carrier that is received by an i-th secondary user (which is 
indicated as Sul), then the following formula may be obtained: 
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Sii, k = (1) 

h'II, kills' l, k) + n, l, k), downlink sub-carrier 
h") l, kls" (l, k + n, l, k), uplink sub-carrier (occupied) 
nil, k, uplink sub-carrier (un-occupied) 

I0048. In the above formula, s'il, k) and s'il, k) respec 
tively indicate transmitted samples of the 1-th symbol on the 
k-th Sub-carrier for a downlink signal and an uplink signal, 
n, l, k) indicates a noise sample received by Su, h," 1, k 
indicates a channel gain between a transmitter corresponding 
the uplink signal and su, and h,' 1, k indicates a channel 
gain between a transmitter corresponding the downlink signal 
and Su. Three states of the signal shown in Formula (1) 
indicate downlink transmission (which is always present on 
each useful Sub-carrier), uplink transmission (the uplink Sub 
carrier is occupied by the primary user) and uplink but idle 
(that is, the Sub-carrier is not occupied by the primary user, 
and only an environmental noise is present), respectively. 
0049. The secondary user may accumulate energy of the 

first n symbols of each Sub-frame, and calculate an average 
value thereofas an energy estimation value T, of each Sub 
frame, that is: 

ns Wsc (2) 
T 1 
'T in Ns. 

0050. In Formula (2), N is the number of sub-carriers 
used in energy detection. In order to reduce the number of the 
symbols used in detection, it may be assumed that N is the 
number of all sub-carriers in a frequency band of the primary 
system. As described above, the downlink transmission of the 
primary system are always performed with constant power; 
and for the uplink transmission, since the number of the 
primary users, the number of the allocated sub-carriers, the 
allocated power and the like are different, the total power of 
the uplink transmission is different. In order to distinguish the 
downlink transmission and the uplink transmission, an 
extreme case that the transmission power of the uplink trans 
mission is maximum (i.e., a case that all Sub-carriers are 
allocated) needs to be considered, to more accurately distin 
guish the uplink transmission and the downlink transmission. 
The following formula may be obtained by combining the 
formulas (1) and (2): 

ns Wisc (3) 

N XX (h'(l, kis(t, k + n, II, ki} downlink is Wsc k=l i=1 

1 s Nsc 2 

T = N XX (h;"It, kls"(l, k) + n, l, k) uplink 
s' 'sc 1 - 

ns Wisc 
uplink but idle XXIII. If s' 'sc 1 - 

0051. In Formula (3), “downlink' indicates the downlink 
transmission (which is always present on each useful Sub 
carrier), “uplink' indicates the uplink transmission (the 
uplink Sub-carrier is occupied by the primary user), and 
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“uplink but idle' indicates the uplink but idle state (i.e., the 
Sub-carrier is not occupied by the primary user, and only an 
environmental noise is present). It is assumed that the three 
states are respectively indicated as H. H. and H, in which 
both H, and H, are in the uplink transmission state. 
0.052 The above formula can show that the three states 
may be distinguished according to the magnitude of the esti 
mated energy values, thereby judging the uplink/downlink 
configuration for the channel resource. Specifically, a value 
between the downlink transmission power and the maximum 
uplink transmission power of the primary system may be used 
as the first threshold value for distinguishing the uplink trans 
mission and the downlink transmission (as described above 
with reference to step 204). In addition, after it is judged that 
the channel resource (Such as each Sub-frame) is used for the 
uplink transmission, any suitable value between the uplink 
transmission power of the primary system and an environ 
ment background noise statistic (it should be understood by 
those skilled in the art that, any suitable method may be used 
to obtain the environment background noise statistic, which is 
not described here in detail) as a second threshold value. The 
apparatus in the secondary system may further judge whether 
a predetermined relationship is satisfied between the esti 
mated energy value and the second threshold value, and if it is 
judged that the predetermined relationship is satisfied 
between the estimated energy value and the second threshold 
value, then it is judged that the channel resource is idle. For 
example, if the estimated energy value is less than or equal to 
the second threshold value, then it is judged that the channel 
resource is idle; otherwise, it is judged that the channel 
resource is not idle. 

0053 Still taking the application scenario shown in FIG.3 
as an example, a specific example for determining the first 
threshold value and the second threshold value will be 
described in the following. 
0054 As described above, the H, state only includes com 
plex noise signals on the N Sub-carriers. Assuming that N 
indicates noise power spectral density of a primary system 
channel, and B indicates bandwidth of each sub-carrier, then 
Var, N.N.Bs is noise power of the primary system channel. 
It is assumed that T indicates the second threshold value, 
then T, may be set as a value which is only related to the 
noise to distinguish the H, and H, states of the uplink channel 
resource. According to an energy detection theory, the thresh 
old value may be set as: 

—l rai (4) T = var( : Q'(p) 
wns Nef 2 

0055. In the above formula, p', indicates the probability 
that the detection statistic is larger than T', i.e., the probabil 
ity that the H, state is detected as the Hor H state by mistake, 
and Q' () indicates an inverse Q function. Any suitable 
method may be adopted to determine the probability p', for 
example, the probability may be predetermined as a small 
probability, such as 10% or a value less than 10%, which is not 
described here in detail. 

0056. In addition, it is assumed that the first threshold is 
indicated as T". The first threshold value T." is larger than 
the second threshold value, which may be set with reference 
to the definition related to the uplink transmission power and 
downlink transmission power in the communication stan 
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dards of the primary system as described above. As an 
example, T." may be less than the average received power of 
a downlink signal, and larger than the average received power 
of an uplink signal. As another example, T." may be set 
according to a mid-value between the average received power 
that a receiver in the secondary system receives the uplink 
signal and the average received power that the receiver in the 
secondary system receives the downlink signal. As another 
example, T." may be set from the perspective of error detec 
tion probability. AT" method based on the error detection 
probability is illustrated hereinafter in detail. 
0057. As described above, the base station in the primary 
system always performs the downlink transmission with con 
stant power P, whereas the transmission power of each pri 
mary user is related to the power allocated thereto. Therefore, 
when all the primary users perform the uplink transmission 
with the maximum power, an uplink communication signal 
and a downlink communication signal of the primary system 
are most likely to be confused with each other. Therefore, the 
first threshold value T." may be set according to the maxi 
mum uplink total power and the downlink total power. It is 
assumed that P,"' indicates uplink maximum total transmis 
sion power, then P,"-n"P.", where n," indicates 
the maximum number of the primary users Supported by the 
primary system, and p" indicates maximum transmission 
power of each primary user in the primary system. Since the 
primary users and the secondary users are randomly distrib 
uted within a certain region, each secondary user may receive 
a different average energy value of the uplink signal and a 
different average energy value of the downlink signal. The 
first threshold value may be set by considering an average 
case, that is, assuming that the primary user and the secondary 
user are respectively located at the centre of the primary 
system and the centre of the secondary system, then the first 
threshold value T." may be defined as follows: 

T = (Var, + PLR. P. -- 

(0058. In the above formula, PL indicates path loss from 
the centre of the primary system to the centre of the secondary 
system (i.e., the edge of the primary system), and p, indicates 
the referred probability that the H state is detected as the H. 
state by mistake, it should be noted that the probability p?" is 
not an actual probability but a reference value. Any suitable 
method may be adopted to determine the probability p?", for 
example, the probability may be predetermined as a small 
probability, such as 10% or a value less than 10%, which is not 
described here in detail. The probability p," that the H state 
is detected as the H state by mistake may be determined with 
the following formula: 

i = 1 - d O'(p;) - A Vn, N, 72 (6) 
P = 1 + d a 

0059. Wherein indicates a signal-to-noise ratio of the 
downlink signal to the uplink signal, i.e., 
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PPLR + Var, (7) At , = , , , , – 1 
P PLR + War inex 

0060. The above Formula (4) shows that the second 
threshold value T is related to the noise power on the fre 
quency band of the primary system (PS), but unrelated to 
signal features of the primary system. Compared with the 
second threshold value T', the setting for the first threshold 
value T." is relatively complicated. 
0061. Other specific examples for determining the first 
threshold value T." in some specific application scenarios 
will be described hereinafter. 

0062 For example, the first threshold value may be deter 
mined according to whether the secondary system can 
acquire information about relative positions (such as dis 
tances between respective nodes) between all transceivers 
(i.e., all nodes) in the primary system and the secondary 
system. For example, if the secondary system can know about 
the relative position information (i.e., a case that the relative 
positions between respective nodes can be located), then the 
secondary system may estimate accuracy of the uplink/down 
link detection, thereby accurately setting the first threshold 
value according to the accuracy. Alternatively, if the second 
ary can know about a maximum value or a minimum value of 
the relative position information, the secondary system may 
estimate a maximum value or a minimum value of the uplink/ 
downlink detection accuracy, and calculate a feasible search 
interval of the first threshold value, thereby searching a suit 
able value within the search interval as the first threshold 
value. And if the secondary system can not know about the 
relative position information (i.e., a case that the relative 
positions between respective nodes can not be located), the 
first threshold value may be set according to the maximum 
uplink transmission power and the downlink transmission 
power of the primary system as described above. 
0063 As a specific example, assuming that the secondary 
system is located in a single primary system cell and the 
secondary system can know about distances between all 
transceivers in the primary system and the secondary system 
(i.e., all nodes in the primary system and the secondary sys 
tem) (the secondary base station may adopt any Suitable 
method to locate the relative positions between all nodes, 
which is not defined and described here in detail). 
0064. In a case of the single primary system cell, the 
secondary system is commonly located at the edge of the 
primary system cell. The detection statistic on the secondary 
user is only influenced by the single primary system cell. 
0065. Under the assumption of a Gaussian channel and a 
Rayleigh channel, in the H and H. States, the statistic in the 
above formula (2) may be replaced with a detection signal 
to-noise ratio, that is: 

1 is, sq & Wii (k.u.) + 1). , , (Al) T = k1 = il 2) = 2 N.XX, it? 22, six -x (2) 2.2 

I0066. Wherein (2) indicates a chi-square variable 
whose degree of free is 2, p-n N indicates the number of 
samples used in detection, and 
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C Ack.l.i) + 1 
- 2p 

(where ... is the detection signal-to-noise ratio of su, to a 
k-th symbol of an 1-th sub-carrier). It can be known from the 
Formula (A1) that, c., is related to transmitter (which is a 
transmitter of a primary user in an uplink direction, and is a 
transmitter of a primary base station in a downlink direction) 
power of the primary system, a distance between the trans 
mitter and the secondary user Su, and other factors, therefore, 
the detection statistic for each secondary user is different 
from each other. 

0067. It is assumed that d, indicates a distance between the 
secondary user Su, and the primary base station (PBS), b, 
indicates a distance between the primary user pu,(j=1,..., 
n) and the primary base station, and c, indicates a distance 
between pu, and Su, Based on the above distance information 
and an energy detection theory, the error detection probability 
p ) that the H state is detected as the Hor H, state by the Su, 
may be estimated with the following formula: 

T - 2cp (A2) p = Pr(T. s. T | H., d) = { cv. 2p 

0068. Wherein c indicates a power coefficient of each 
sample in Formula (A1), which represents the power of each 
sample. Since in a case of the downlink transmission, the 
power of each sample is the same, so 

wherein c, c, and c, respectively indicate power coefficients 
of the samples, and PL indicates path loss between Su, and 
the primary base station. p indicates the number of samples 
used in the detection. Pr(X) indicates probability of an eventx. 
d(x) indicates a cumulative distribution function (CDF) in 
normal distribution. 

I0069. Wherein Q, indicates a decision strategy, which 
indicates performance measure of the whole algorithm, and is 
detection error probability that the downlink transmission is 
judged as the uplink transmission. f() indicates a cooperative 
and fused performance function, and an independent variable 
of the performance function (i.e., each parameter in ()) is the 
detection error probability of each secondary user. According 
to the above Formulas (A2) and (A3), Q, values under dif 
ferent Ta," values may be calculated, i.e., sub-frame detection 
performance in the H state is obtained: the detection error 
probability that the H state is detected as the Hor H, state by 
the secondary base station (SBS) when the link is in the H. 
state. According to correspondence between T.," and Qila a 
value range of T," satisfying Q,aQf may be obtained 
(wherein Qf indicates a maximum value of Q, in the H, 
state), that is: 
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T. = d(p.)P V2p +2pP, (A4) 
th. Var, PL 

0070. Wherein d'(x) indicates an inverse function of the 
cumulative distribution function in normal distribution. 

0071. As can be known from the above Formula (A4), 
p ) needs to be small enough, i.e., T.," needs to be less than 
a specific value, to satisfy the detection performance in the H. 
state. In a case that the maximum value of p ) can be calcu 
lated, the specific value may be directly acquired. 

I0072) If it is difficult for the decision strategy Q, f() to 
have a closed-form solution, i.e., it is difficult to acquire a 
correspondence between T," and Q,a then T." may be esti 
mated with the following formula: 

(PPV2p +2ppa P (PIF) Pv2p +2pP, 
ths ill; Var, PL, --- War, PLnind 

0073. Wherein pindicates average detection error prob 
ability of a single secondary user, and p-(Q ')',"". PL, d. 
indicates path loss between a secondary user closet to the 
primary base station and the primary base station in the sys 
tem. Formula (A5) considers a case that T.," has a maximum 
value when the secondary base station finally judges that the 
current sub-frame or the current link is in the H state as long 
as one secondary user detects that it is in the H state (which 
is also referred to as an OR criterion). It can be seen that the 
maximum value of T," here is determined by the secondary 
user closet to the primary base station. In Formula (A5), p. ) 
in Formula (A4) may be approximately replaced with an 
average value 

... I 
Plf = (Q,t) su 

of local (i.e., a single secondary user) detection error prob 
ability under the OR criterion. 
0074 Similarly, assuming that the error probability that 
the H, state is detected as the Hor H, state by Su, is po’, then: 

p8 = Pr(T. s. T, Tis T, ht, b, ... , b lite 

T -X2c, 
i 

Th, X. 2ci 
= 1 - d - – - + pl—- 

X 2c X 2c; 
i i 

respectively indicate the dis (0075) Wherein b1, ..., b. 
tance between each primary user and the primary base station, 
and c,..., c, respectively indicate the distance between ni 
each primary user and each secondary user. Assuming that 
each primary user in the primary system is allocated with 
Sub-carriers having the same number 

C1,i . . . . enue.) (A6) 
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Nsc 
npu 

then: 

PoPL, (A7) 
+ 1 

Ack.l.i) + 1 PL 
C F : - 

(2-1)+1. ... 2p 2p 

(0076) Wherein PL, and PL respectively indicate path 
loss between Put and the primary base station and path loss 
between pu, and su. If an AND criterion is adopted, i.e., the 
secondary base station judges that it is in the H state only if 
all secondary users detect that it is in the H, state, then the T." 
may have a minimum value, that is, 

Th-X2c, (A8) 
T a max d1+d - is -p3 223-22, 

f 

Th, - X2e. 
s max d1+d - is -pof 223-22, 

f 

0077. Wherein 

which indicates an average value of the detection error prob 
ability by the secondary user under the AND criterion, Q., 
indicates a maximum value of Qo in the H, state; and Qo 
indicates the actual detection performance measure of the 
algorithm, representing the detection error probability that 
the uplink transmission is detected as the downlink transmis 
Sion. The maximum value Qof of may be acquired according 
to relative positions in a network (here, the primary system 
and the secondary system are regarded as a network, and the 
relative positions in the network indicates relative positions 
between all notes in the primary system and the secondary 
system). 
0078. According to Formulas (A5) and (A8), a feasible 
search interval of Ta' (i.e., a possible range including the 
maximum value and the minimum value of the threshold 
value) may be obtained. Thus obtained search interval is 
relatively large. In order to enhance the search speed, the 
searching may be performed near an approximate value of TA 
(such as an approximate value calculated with the above 
Formula (5)) (specifically, the value of T." may be changed, 
and the value of Q, and the value of Q are estimated under 
different values of T.", thereby an optimum value ofT." may 
be searched), thereby acquiring the value of T..". Optionally, 
any value within the feasible search interval may be used as 
the threshold value Ti". 
0079. As another specific example, it is assumed that the 
secondary system is located in a single primary system cell 
and that the secondary system is unable to know about dis 
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tances between transceivers in the primary system and the 
secondary system, that is, the secondary system is unable to 
locate the distances between the transceivers in the primary 
system and the secondary system. 
0080. In such a case in which it is unable to locate, the 
secondary base station is difficult to acquire relative position 
information about the primary system and the secondary sys 
tem, therefore, it is difficult to acquire accurate values of p ) 
and po'. In this case, the first threshold value T." may be set 
with a semi-simulation method: that is, a simulation method 
is adopted to generate enough relative positions between the 
transceivers in the primary system and the secondary system 
(any suitable method may be utilized to simulate the relative 
positions between respective transceivers in the primary sys 
tem and the secondary system, for example, the simulation 
may be performed according to a common model of node 
distribution (such as uniform distribution or Poisson distribu 
tion) in the network, which is not defined and described here 
in detail), and values of Q, and Q are calculated under different T.", and thereby obtaining a T.," satisfying require 
ments of Q, and Qoa that is: 

'sing (sim) (A9) 
Qif & N 

'sin (sim) (A10) 
4 of Qof & f Nsim 

sin 

(sim) (sim) (0081) Wherein q. and do, respectively indicate 
sub-frame performance measure values Q, and Qor that are 
calculated by utilizing the relative positions obtained in the 
simulation, and N, indicates the number that the simulation 
is performed. With the value of Q, and the value of Q 
obtained with the above Formulas (A9) and (A10) (i.e., the 
values of the right-hand side of the formulas (A9) and (A10)), 
a suitable value of T." may be obtained according to the 
detection performance requirements. 
0082 In such an application in which it is unable to locate, 
the search interval described above is not applicable. That is, 
in a case that it is unable to locate, the search interval of the 
threshold value can not be estimated with Formulas (A5) to 
(A8). If Formula (5) is adopted, then there is no need to adopt 
the technology described in Formulas (A5) to (A8). As 
described above, a value between the downlink transmission 
power and the maximum uplink transmission power of the 
primary system may be set as the first threshold value, for 
example, an approximate value calculated with the formula 
(5) may be adopted. 
0083. Two examples in which the secondary system is 
located in a single primary system cell have been described 
above. In an environment of multiple primary system cells, 
the detection statistic of the secondary user is related to the 
multiple primary system cells. When the multiple primary 
system cells coexist, transmission power control and fre 
quency allocation are key factors that affect the statistic, and 
which are mainly decided by a frequency reuse (FR) strategy. 
For example, when the primary system is a TD-LTE system, 
two common FRStrategies include fractional frequency reuse 
(FFR) and soft frequency reuse (soft FR). 
0084 FIG. 13 is a schematic diagram illustrating the strict 
FFR strategy. In FIG. 13, each hexagonal block indicates one 
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primary system cell. In each hexagonal block, the circular 
region indicates the centre of the primary system cell, and the 
remaining part other than the circular region indicates the 
edge of the primary system cell. Under this strategy, in each 
primary system cell, users located at the centre of the cells are 
allocated with a same frequency band F. Users located at 
the edges of respective primary system cells use different 
frequency bands, and these frequency bands are not over 
lapped with F. As shown in the figure, Feel indicates a 
frequency band used by a user located at the edge of a primary 
system cell 1: F2: indicates a frequency band used by a 
user located at the edge of a primary system cell 2, 4 or 6; and 
Fs: indicates a frequency band used by a user located at 
the edge of a primary system cell 3, 5 or 7. F. F(r/ 
R.), wherein F indicates bandwidth occupied by the 
primary system, R. indicates the radius of a cell, and r, 
indicates the radius of the centre region of the cell (for 
example, r, 0.65R). In addition, Fel-Fe2-Fes 
(F-F)/3. Under this strategy, each primary user in the 
cell uses the same transmission power. 
I0085 FIG. 14 is a schematic diagram illustrating the soft 
FFR. In FIG. 14, each hexagonal block indicates one primary 
system cell. In each hexagonal block, the circular region 
indicates the centre of the primary system cell, and the 
remaining part other than the circular region indicates the 
edge of the primary system cell. Under this strategy, users at 
the edges of neighboring cells use different frequency bands, 
the frequency band used by a user at the edge of a cell is not 
overlapped with the frequency band used by a user at the 
centre of the cell, and the frequency bands used by users 
located at the centre of respective cells are overlapped. As 
shown in the figure, F, indicates a frequency band used by 
a user located at the edge of a primary system cell 1: F: 
indicates a frequency band used by a user located at the edge 
of a primary system cell 2, 4 or 6; and F: indicates a 
frequency band used by a user located at the edge of a primary 
system cell 3, 5 or 7. Findicates a frequency band used 
by a user located at the centre of the primary system cell 1: 
F indicates a frequency band used by a user located at 
the centre of the primary system cell 2, 4 or 6; and F. 
indicates a frequency band used by a user located at the centre 
of the primary system cell 3, 5 or 7. In this case, the magnitude 
of each F. and the magnitude of each rare the same as 
those under the FFR strategy, which are not repeated here. 
However, F, F, and F., are set as follows: 
Fee-Fee. Fee, min(F/3, Fan-Fene) and the 
transmission power of a user located at the edge of a cell is 
higher than the transmission power of a user located at the 
centre of the cell. 

I0086 FIG. 15 shows an example of a scenario that a sec 
ondary system is located in multiple primary system cells. As 
shown in FIG. 15, a circle including a secondary system 
indicates the secondary system and other hexagonal blocks 
indicate primary system cells. In FIG. 15, 27 primary system 
cells are shown, wherein the distance between each of the 27 
primary system cells and the secondary system is within 
coverage of three primary system cells, and the hexagonal 
blocks with oblique lines indicate 12 primary system cells 
closest to the secondary system. It can be understood that, 
according to the distance between each primary system cell 
and the secondary system, the 12 cells located at the centre are 
cells having the biggest influence on the secondary system, 
which are not described here in detail. 
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0.087 As a specific example, assuming that it is in a case 
that the secondary system is located in multiple primary sys 
tem cells, the secondary system can know about distances 
between all transceivers in the primary system and the sec 
ondary system (i.e., all nodes in the primary system and the 
secondary system) (a secondary base station may adopt any 
suitable method to locate distances between the secondary 
base station and all nodes in the primary system and the 
secondary system, which is not defined and described here in 
detail). 
0088. In a case that it is able to locate, the secondary 
system may obtain the relative positions between all trans 
ceivers (i.e., all nodes in the primary system and the second 
ary system). The search interval and the value of T." may be 
obtained according to the FR strategy (for example, the FFR 
strategy or the soft FFR strategy may be adopted when the 
primary system is the TD-LTE system) used by the primary 
system and the method described above with reference to 
Formulas (A5) to (A8), which is not repeated here. 
0089. As another specific example, assuming that it is in a 
case that the secondary system is located in multiple primary 
system cells, the secondary system is unable to know about 
distances between all transceivers in the primary system and 
the secondary system (that is, a case that it is unable to locate). 
In this case, the value ofT." may be obtained according to the 
FR strategy used by the primary system and the method 
described above with reference to Formulas (A9) and (A10), 
which is not repeated here. 
0090 Compared with the case of the single primary sys 
tem cell, it is difficult to obtain the search interval of the 
threshold value in the case of multiple primary system cells. 
However, there is a need for the approximate value of T" to 
be calculated in combination with the FR strategy used by the 
primary system. As illustrated in Formula (5), the approxi 
mate value ofT" is only related to the maximum value of the 
uplink transmission power. Therefore, under different FR 
strategies, the power control and frequency allocation for the 
uplink transmission are important factors that affect the value 
of T." in the case of multiple primary system cells. 
0091 FIG. 16 shows a case in which a secondary system 
coexists with 12 primary system cells. Assuming that each 
primary system cell adopts the FFR strategy, then it can be 
considered that the power (the statistic) received by the sec 
ondary system increases by a specific coefficient F2 in this 
case. According to a distance between each primary system 
cell and the secondary system and the path loss, the coeffi 
cient F may be calculated with the following formula: 

(V3) 

0092. Wherein C. indicates a large-scale path attenuation 
factor. As a specific example, when C=3.76, F =3.38. 
0093. In addition, under the FFR strategy, the number of 
the primary users Supported by each primary system is dif 
ferent from that in the case of the single primary system cell, 
and the bandwidth Supported by each primary system cell is 
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Y2 1-ty. (i. + — r-Fina. 

Therefore, in the case of multiple primary system cells, the 
approximate value of T." may be calculated with the follow 
ing formula: 

(A12) r. Y 1 - (ref R. ( + 3 T = (var. + F2 
ps 

ple...) 
( -- Q(p) 

wn, N, 72 

0094. Wherein PL. path loss between the centre of a 
primary system cell (such as a primary system cell closet to 
the secondary system) and the centre of the secondary system 
cell, P indicates the uplink maximum total transmission 
power of the primary system. p indicates the probability that 
the H state is detected as the H state by mistake. It should be 
noted that, the probability p is not an actual probability but a 
reference value. 
(0095 Similarly, under the scenario shown in FIG. 16, if 
the soft FR is adopted, then each primary system cell may use 
all frequency resources. Therefore, only the power control 
problem needs to be considered. In this case, the approximate 
value of T." may be calculated with the following formula: 

2 + e 
T = Var, +--Fi: PLR, P, 1 + 

0096. Whereine indicates transmission power ratio of a 
primary user located at the edge E i of the primary system cell 
to a primary user located at the centre of the primary system 
cell. 
0097. Some embodiments for calculating the first thresh 
old value and the second threshold value are described above. 
It should be understood that, these examples are exemplary. 
The disclosure is not limited to these specific examples. 
0.098 FIG. 4 shows another specific embodiment of the 
method used in a cognitive radio system according to the 
disclosure. In this specific embodiment, after judging 
whether each channel resource occupied by the communica 
tion signal of the primary system is used for the uplink trans 
mission or the downlink transmission, the apparatus in the 
secondary system may also use priori knowledge about stan 
dard configurations for the channel resource in the primary 
system to further optimize the judgment result. 
0099. The standard configuration for the channel resource 
in the primary system refers to an uplink/downlink configu 
ration type of the channel resource defined in a communica 
tion standard of the primary system. The priori knowledge 
about the standard configurations may be pre-stored in the 
apparatus of the secondary system (for example, stored in a 
storage device of the apparatus (which is nor shown in the 
drawings)), which is not described here in detail. 
0100. As shown in FIG. 4, the method is similar to the 
method shown in FIG. 1, and may include steps 402,404 and 
406. Steps 402, 404 and 406 are respectively similar to steps 
102, 104 and 106 shown in FIG. 1, which are not repeated 
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here. In addition, after step 406, the method further includes 
a step 410. Specifically, at step 410, the judgment result in 
step 406 is matched with one or more standard configurations 
for the channel resource in the primary system, to determine 
the uplink/downlink configuration type of the channel 
resource in the primary system. 
0101. As an example, FIG. 5 shows 7 formats of uplink/ 
downlink frame configuration defined in the TD-LTE stan 
dard. Still taking the application scenario shown in FIG.3 as 
an example, assuming that the primary system adopts the 
TD-LTE standard, then one of the 7 frame configurations 
shown in FIG. 5 should be adopted. As shown in FIG. 5, the 
TD-LTE standard adopts 7 frame configurations (which are 
indicated by numbers 0 to 6). Each frame includes 10 sub 
frames (which are indicated by numbers 0 to 9). D indicates a 
downlink sub-frame, U indicates an uplink sub-frame, and S 
indicates a special Sub-frame. After judging the uplink/down 
link configuration for each Sub-frame at step 406, the appa 
ratus in the secondary system may match the judgment result 
with these standard configurations, to further determine the 
format of the uplink/downlink frame configuration for the 
primary system. 
0102 FIG. 6 shows an example for determining the 
uplink/downlink configuration type of the channel resource 
according to the standard configurations for the channel 
resource. As shown in FIG. 6, at step 410-1, the apparatus in 
the secondary system calculates a matching distance between 
the judgment result obtained at step 406 and each standard 
configuration; and then, at step 410-2, the apparatus in the 
secondary system determines a standard configuration best 
matching the judgment result according to the calculated 
matching distance. For example, a standard configuration 
having the Smallest matching distance from the judgment 
result may be determined as the channel resource configura 
tion type of the primary system. 
0103. It should be understood that, any suitable method 
may be adopted to calculate the matching distance between 
the judgment result and each standard configuration. Still 
taking the application scenario shown in FIG. 3 as an 
example, assuming that the primary system adopts the TD 
LTE standard, then one of the 7 standard frame formats shown 
in FIG. 5 is adopted. The secondary system may judge 
whether each sub-frame in a frame is an uplink sub-frame or 
a downlink Sub-frame according to the received communica 
tion signal, and use for example two different numbers to 
indicate the judgment result on each Sub-frame. For example, 
“1” may be used to indicate a downlink sub-frame, and “-1 
(or 0) may be used to indicate an uplink Sub-frame; and vice 
Versa. In this way, judgment results of the apparatus in the 
secondary system on multiple Sub-frames in one frame may 
form a multi-dimensional vector. Each standard frame format 
shown in FIG.5 may also be indicated by a multi-dimensional 
vector in the same manner. For example, D may be indicated 
as 1, and U may be indicated as -1. In addition, the specific 
sub-frame “S” may also be indicated as a downlink sub 
frame, that is because the first few symbols of the specific 
sub-frame are downlink sub-frames (in this case, the number 
of the symbols n used when the feature for judging whether 
each sub-frame is the uplink sub-frame or the downlink sub 
frame is extracted is preferably less than 3). Therefore, the 
matching distance between the judgment result and each stan 
dard configuration may be calculated with a method for cal 
culating a distance between two vectors. It should be under 
stood by those skilled in the art that, any suitable method 
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(such as an example describes hereinafter with reference to 
Formula (21) or (22) or (26)) may be adopted to calculate the 
distance between two vectors, which is not described here in 
detail. 

0104. With the method described above with reference to 
FIG. 4, the apparatus in the secondary system may utilize the 
priori knowledge about the standard configurations for the 
channel resource in the primary system, to further optimize 
the judgment result on the uplink/downlink configuration for 
the channel resource in the primary system, thereby making 
the result more accurate. 
0105. In a specific embodiment, the apparatus in the sec 
ondary system may judge whether the channel resource is 
used for the uplink transmission or the downlink transmission 
by utilizing features extracted from multiple communication 
signals. In other words, when the uplink/downlink configu 
ration for the channel resource in the primary system is 
detected with the method described with reference to FIG. 1, 
2 or 4, the apparatus in the secondary system may receive 
multiple communication signals (for example, a multi-frame 
signal is received when the primary system is a communica 
tion system based on time division transmission), and utilize 
the multiple communication signals to repeatedly perform the 
processing in steps 104 to 106 or steps 204 to 206 (or steps 
204 to 208) or steps 404 to 406 (or steps 404 to 410). In this 
way, influence of a random error event on the matching result 
is reduced in detecting each Sub-frame, thereby making the 
obtained result on the uplink/downlink configuration for the 
channel resource more accurate. 

0106. In the embodiments and examples described above, 
a single apparatus in the secondary system is adopted to detect 
the uplink/downlink configuration for the channel resource in 
the primary system. In the following, some embodiments that 
utilize multiple apparatuses in the secondary system to judge 
the uplink/downlink configuration for the channel resource 
and fuse judgment results from the multiple apparatuses are 
described. By utilizing multiple secondary users to cooperate, 
influence of space distribution of a single secondary user on 
the accuracy of the detection result of the secondary user may 
be reduced, thereby making the obtained result on the uplink/ 
downlink configuration for the channel resource more accu 
rate. 

0107 FIGS.9(A),9(B) and 9(C) respectively shows sche 
matic models that utilize multiple apparatuses in the second 
ary system to judge the uplink/downlink configuration for the 
channel resource and fuse judgment results from the multiple 
apparatuses, in which the application scenario shown in FIG. 
3 is taken as an example, and it is assumed that the primary 
system is a communication system based on a time division 
transmission mode. In addition, it is assumed that n indi 
cates the number of the secondary users in the secondary 
system that participate in the detection, and n indicates the 
number of all secondary users in the secondary system. The 
in secondary users may be divided into n groups, and the 
number of the secondary users in each group is n n/n. 
The detection may be performed by one secondary user, and 
may also be performed by multiple secondary users in coop 
eration, therefore, 1snsnisn. 
0108. In the model shown in FIG. 9(A), each secondary 
user may use a method described in the above or following 
embodiments or examples to: judge whether the channel 
resource occupied by the communication signal is used for 
the uplink transmission or the downlink transmission, accord 
ing to one or more features capable of reflecting the difference 
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between a uplink transmission mode and a downlink trans 
mission mode for the primary system that are extracted from 
the communication signal (block 901a in the figure, D." is a 
vector, which includes the uplink/downlink judgment results 
of an i-th secondary user (Su,(1sisn))) on all Sub-frames of 
an m-th frame); and match the judgment result with one or 
more standard configurations for the channel resource in the 
primary system, to determine the uplink/downlink configu 
ration type of the channel resource in the primary system 
according to the matching result (block 902a in the figure, t," 
indicates the determination result of the i-th secondary user 
(Su,(1sisn))) on the m-th frame. Each secondary user may 
utilize data of M frames to repeat the above processing (the 
processing shown in blocks 901a and 902a) for M times 
(“xM’ shown in block 903a), to obtain a determination result 
t, of the i-th secondary user (su,(1sisn)) on the frame con 
figuration type. The determination results of these secondary 
users may be sent to one of the secondary users or to the 
secondary base station to be fused, to further determine the 
frame configuration type of the primary system (block 904a 
in the figure). 
0109. In the model shown in FIG. 9(B), each secondary 
user performs the uplink/downlink judgment for all sub 
frames in an m-th frame (block 901b in the figure), and then 
sends all judgment results to one of the secondary users or to 
the secondary base station to perform the fusion, to obtain a 
fused result D'" (block 902b in the figure, D'" is a vector, 
which includes the uplink/downlink judgment results on all 
sub-frames in an m-th frame). Then, the fused result is 
matched with one or more standard configurations for the 
channel resource in the primary system, to determine the 
uplink/downlink configuration type of the channel resource 
in the primary system according to the matching result (block 
903b in the figure, for example, the frame configuration type 
of the m-th frame is obtained, which is indicated as T"). 
Data of M frames may be utilized to repeat the processing in 
blocks 901b, 902b and 903b for M times, and the results 
obtained after the processing is performed M times arefused 
to determine the frame configuration type of the primary 
system (block 904b in the figure). 
0110. The model shown in FIG.9(C) is a combination of 
the models shown in FIGS. 9(A) and 9(B). Each secondary 
user performs the uplink/downlink judgment for all sub 
frames in an m-th frame (as shown in block 901c of the 
figure). These secondary users are divided into multiple 
groups, and the judgment results of each group are sent to one 
of the secondary users or to the secondary base station to be 
fused, to further judge the uplink/downlink configuration for 
each sub-frame in the m-th frame (as shown in block 902c of 
the figure). Then, the fused result of the judgment results of 
each group is matched with each standard configuration, to 
obtain a matching result for each group (block 903c). Data of 
M frames may be utilized to repeat the processing in blocks 
901c, 902c and 903c for M times, and the results of the M 
times are fused to determine the frame configuration type of 
the primary system (block 904c in the figure). Finally, the 
obtained multiple determination results are further fused, to 
determine the final frame configuration type of the primary 
system (block 905c in the figure). 
0111. In the following, some specific embodiments of a 
method for utilizing multiple apparatuses in the secondary 
system to detect the uplink/downlink configuration for the 
channel resource in the primary system will be described. The 
method for fusing the judgment results from multiple second 
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ary users that are shown in FIGS. 9(A), 9(B) and 9(C) may 
refer to the specific embodiments described hereinafter. 
0112 FIG.7 shows a specific embodiment of a method for 
detecting the uplink/downlink configuration for the channel 
resource in the primary system by utilizing multiple appara 
tuses in the secondary system. 
0113. As shown in FIG. 7, the method may include steps 
702, 704, 706, 710,712 and 714. 
0114 Steps 702, 704 and 706 are similar to steps 102,104 
and 106 described above (or steps 202, 204 and 206, or steps 
402, 404 and 406). Specifically, the apparatus in the second 
ary system (which is referred to as a first apparatus) receives 
a communication between respective apparatuses in the pri 
mary system; extracts, from the communication signal, one or 
more features that can reflect the difference between an 
uplink transmission mode and a downlink transmission mode 
for the primary system; and judges whether the channel 
resource occupied by the communication signal is used for 
the uplink transmission or the downlink transmission accord 
ing to the extracted features, which is not described here in 
detail. 
0.115. At step 712, the first apparatus receives judgment 
results about whether the channel resource occupied by the 
communication signal between apparatuses in the primary 
system is used for the uplink transmission or the downlink 
transmission, from one or more other apparatuses (which is 
referred to as a second apparatus) in the secondary system. 
0116. It should be understood that, each second apparatus 
may use the method of steps 702 to 706 to judge whether the 
channel resource occupied by the communication signal 
between respective apparatuses in the primary system is used 
for the uplink transmission or the downlink transmission, 
which is not repeated here. 
0117 Then, at step 714, the first apparatus judges whether 
the channel resource occupied by the communication signal 
is used for the uplink transmission or the downlink transmis 
Sion, according to the judgment result thereof and the judg 
ment results from one or more second apparatuses. 
0118. In the following, still taking the application scenario 
shown in FIG.3 as an example, an example of a method for 
fusing the judgment results from multiple apparatuses in the 
secondary system will be described. 
0119. It is assumed that n secondary users in the second 
ary system are utilized to judge (detect) whether the channel 
resource occupied by the communication signal of the pri 
mary system is used for the uplink transmission or the down 
link transmission, and that the primary system is a TD-LTE 
system, and the standard frame configurations shown in FIG. 
5 are adopted. Each secondary user in then secondary users 
may adopt the method described above to generate a judg 
ment result on each Sub-frame in one frame locally, that is, 
each secondary user obtains a deterministic judgment result 
on each sub-frame that is related to the three states H. Hand 
H. The judgment results of the n, secondary users may be 
divided into multiple groups, in which each group includes 
the judgment results of n secondary users (nan). The 
judgment results of each group may firstly be fused, and then 
the fused results of the multiple groups are fused together. 
0.120. As a specific example, the judgment results of the 
multiple secondary users may be sent to one of the secondary 
users (or sent to the secondary base station in the secondary 
system), to be fused by the secondary user (or the secondary 
base station). 
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0121. As an example, the judgment result of each second 
ary user on each channel resource (such as each Sub-frame) 
may be duality (the sub-frame is used for the uplink transmis 
sion or the downlink transmission), and the duality judgment 
results of the multiple secondary users on the sub-frame 
uplink/downlink type may be fused directly. 
0122. As another example, the judgment result of each 
secondary user on each channel resource (such as each Sub 
frame) may be ternary (H. H. and H). The example may 
adopt the method described above with reference to FIG. 2 
that utilizes two threshold values. In the following, the 
example is described by taking the application scenario 
shown in FIG.3 as an example. It is assumed that d, indicates 
a judgment result on a Sub-frame that is obtained after an i-th 
secondary user (Su) compares an estimated energy value of 
the sub-frame that is estimated by the i-th secondary user with 
the first threshold value T," and the second threshold value 
T" (that is, the method for judging the uplink/downlink con 
figuration for the channel resource by using two threshold 
values that is described above with reference to FIG. 2 is 
adopted), that is: 

2; if T > T, (8) 
d = 1; if Ti, < T. < T, 

O; others 

0123 d, in the above formula may be indicated with 2 bits. 
Assuming that judgment results of n secondary users are to 
be fused, then the judgment results of then secondary users 
on each Sub-frame may be accumulated. Assuming that 
n,(i=0, 1, 2) indicates the number of judgment results whose 
d is respectively 0, 1 and 2 among the judgment results of the 
in secondary users on a sub-frame, and the n secondary 
users are the n-th group among the n, secondary users par 
ticipating in the detection, then the decision result D, of this 
group of the secondary uses on the Sub-frame may be 
obtained by fusing (such as accumulating) the judgment 
results of then secondary users: 

ht, and D = 1; if argmaxin; = 2 (9) 
ht, and D = -1; if argmaxini = 1 
ht, and D = -1; if argmaxini = 0 

0.124. That is, if the number of the judgment results which 
judge that a Sub-frame is 2 (downlink) is the biggest among 
the njudgment results on the Sub-frame, then it is decided 
that the sub-frame is a downlink sub-frame, i.e., D=1. If the 
number of the judgment results which judge that a Sub-frame 
is 1 or 0 (uplink) is the biggest among the nijudgment results 
on the sub-frame, then it is decided that the sub-frame is a 
uplink Sub-frame, i.e., D -1. 
0.125. The above decision may be performed on each sub 
frame in one frame, to obtain decision results of each group of 
the secondary users on the uplink/downlink types of all Sub 
frames. The judgment results of an n-th group of the second 
ary users on all Sub-frames of an m-th frame may be indicated 
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as a vector D,", i.e., D," includes the judgment results of 
the n-th group of the secondary users on all Sub-frames of the 
m-th frame. 

I0126. In another example, it is assumed that d, indicates a 
judgment result on a Sub-frame that is obtained after an i-th 
secondary user (Su) of the n secondary users compares an 
estimated energy value of the sub-frame that is estimated by 
the i-th secondary user with the second threshold value T', 
that is: 

di = 
1 if Te Ti, (10) 
0 otherwise 

0127 Assuming that judgment results of then secondary 
users are to be fused, then the judgment results of the n 
secondary users on each Sub-frame may be accumulated, that 
is: 

ht and D = 1; If n > ne, (11) 

ht, and D, = -1; If n < n < n, 
ht, and D = -1; If n.d. s. n. 

0128. In the above formula, n indicates the number of the 
secondary users which detect a primary user signal in a Sub 
frame among the n secondary users, that is: 

c (12) 

I0129. In Formula (11), n," indicates a threshold value (a 
third threshold value) for further judging whether the sub 
frame is an uplink sub-frame or a downlink sub-frame. That 
is, among the n secondary users, if the number of the sec 
ondary users which judge that a primary user signal exists in 
the sub-frame is more than n,", then it may decide that the 
sub-frame is a downlink sub-frame; otherwise, it may decide 
that the sub-frame is an uplink sub-frame. After it is decided 
that the sub-frame is the uplink sub-frame, a threshold value 
n (a fourth threshold value) may be adopted to further 
determine whether the uplink sub-frame is totally idle or a 
part of the uplink sub-frame is allocated to a sub-carrier of a 
primary user. Since the downlink transmission power is rela 
tively high, almost every secondary user may detect a primary 
user signal by utilizing the second threshold value Ti". There 
fore, then," may be set as n, or n-1. Whereas then, may 
be set with reference to the value of p', Since under the H, 
state, the number of the secondary users which correctly 
detect the H, state is n...(1-p). n, may be set to satisfy 
na'<n...(1 -p') and keep a certain difference from n". It 
should be understood that, any suitable method may be 
adopted by those skilled in the art to set the threshold values 
according to practical applications, and the disclosure is not 
limited to the above examples. 
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0130. The example of a hard information decision method 
(i.e., a duality result is adopted to indicate the judgment result 
of each group of the secondary users on the Sub-frame) that 
fuses the judgment results of each group of the secondary 
users (such as in secondary users) is described above. Spe 
cifically, the numbers 1 and -1 are used to indicate whether 
the sub-frame is an uplink sub-frame or a downlink sub 
frame. It should be understood that, in practical applications, 
any duality numbers may be adopted to indicate the above 
judgment results, for example, 1 and 0 and the like may be 
adopted, which is not enumerated here. 
0131. In the following, an example of a soft information 
decision method is described. The soft information decision 
method described herein refers to that: the duality numbers 
are not used to indicate the decision result obtained after the 
judgment results of each group of the secondary users (such 
as in secondary users) are fused, and a numerical interval is 
adopted to indicate the decision result. Different positions 
within the numerical interval corresponding to each Sub 
frame reflect likely probability that the sub-frame is an uplink 
sub-frame or a downlink sub-frame. With this soft informa 
tion decision method, the accuracy of decision may be further 
improved. For example, in the above example of the hard 
information decision method, the downlink sub-frame is indi 
cated as “1”, and the uplink sub-frame is indicated as “-1. 
Whereas in the soft information decision method, a difference 
between a statistic (such as an energy estimation value) on 
each sub-frame and a threshold value (such as the first thresh 
old value) may be mapped into a numerical interval (Such as 
-1, 1 or 0, 1). The smaller the mapped value of the differ 
ence within the numerical interval, the bigger the probability 
that the sub-frame is an uplink sub-frame; otherwise, the 
bigger the probability that the sub-frame is a downlink sub 
frame. As another specific example, a statistic (such as an 
energy estimation value) of each secondary user on each 
sub-frame may be compared with a threshold value (such as 
the first threshold value) to obtain a difference, and the dif 
ferences obtained by the n secondary users may be aver 
aged, then the obtained average value may be set as the 
decision result obtained by fusing the judgment results of the 
group of the secondary users. 
0132 Assuming that T.(1sisn) is an energy estimation 
value of an i-th secondary user among then secondary users 
on a Sub-frame, then an average value of the energy estima 
tion values T of these secondary users may be indicated as: 

l (13) 

0133. The average value is compared with the threshold 
values T, and T.," respectively. When TsT, it is decided 
that the sub-frame is in the H, state; otherwise, T-T' is 
mapped into the range of -1, 1 (other numerical intervals 
may also be adopted), and the mapped value reflects the 
probability that the sub-frame is an uplink sub-frame or a 
downlink sub-frame. Since Te(0, +oo), when the mapping is 
performed, a maximum value A and a minimum value B may 
be set to define a difference value interval which may be used 
for mapping. Any Suitable mapping mode may be adopted, for 
example, the following mapping mode is adopted: 
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is T-Ti is a rh (14) D, = , if B gT - T, 
T - B 
f- T. 

H if T, s f < A A - Ti, 
D = -1 if T & B 
D = 1 otherwise 

I0134) In the above formula, D, indicates a decision result 
about whether the sub-frame is an uplink sub-frame or a 
downlink sub-frame. As can be known from the above for 
mula, when A is selected to be big enough, there is a need for 
B to be selected to be small enough, so that Pr(T>A) and 
Pr(T<B) are small enough, thereby making the mapping rea 
sonable. On the other hand, A cannot be too big and B cannot 
be too small, otherwise, accuracy of the mapping is influ 
enced. When TT.", it may be considered that the corre 
sponding Sub-frame is a downlink signal plus a noise signal. 
Since the downlink power is uniformly allocated to each 
sub-carrier and is a constant value, T is only influenced by a 
complex noise signal. Therefore, the maximum A may be set 
to satisfy the following relationship: 

A=P.,PL+C Far, (15) 
I0135) In the above formula, C. is constant. Preferably, C. 
may be set as C-8, so that Pr(T>A) is small enough. Since the 
complex noise sample energy in this case is in exponential 
distribution, Pr(T>A) will be very small when C-8. 
10136. On the other hand, when T-T", it may be consider 
that the Sub-frame is an uplink signal plus a noise signal. 
Since the uplink signal power is not fixed and may be large or 
small, the value of B may be decided by the noise power. 
Therefore, the value of B may be determined with the follow 
ing formula: 

B=BVar, (16) 

10137) That is, when T-B, it may consider that the sub 
frame is an uplink Sub-frame. B is constant, preferably, B may 
also be set as 8. It can be seen that Ta'<B by comparing Ti, 
with B. That is, the decision result is necessarily mapped to 
“-1 in the H, state. 
0.138. In the above example, the above decision may be 
performed on each Sub-frame in one frame, to obtain decision 
results of each group of the secondary users on the uplink/ 
downlink types of all sub-frames. The decision results of an 
n-th group of the secondary users on all Sub-frames in an m-th 
frame may be indicated as a vector D.", and D," includes 
the decision results of the n-th group of the secondary users on 
all sub-frames in the m-th frame. 
0.139. After the above fusing is performed, at step 710, the 
decision result obtained at step 714 is matched with one or 
more standard configurations for the channel resource in the 
primary system, to determine the uplink/downlink configu 
ration type of the channel resource in the primary system. 
Step 710 is similar to the above described Step 410, which is 
not repeated herein. 
0140. Optionally, before the determining (step 710) is per 
formed, credibility of each judgment results may also be 
estimated, and a judgment result having low credibility may 
be removed (the step shown in the dashed line block 718 in 
FIG. 7). 
0.141. In the following, by taking the judgment results 
D," of the n-th group of the secondary users on all sub 
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frames in the m-th frame in the above example as an example, 
an example of a method for estimating the credibility of the 
judgment result may be described. It is still assumed that the 
primary system is the TD-LTE system, and 7 frame configu 
rations shown in FIG. 5 are adopted. The 7 frame configura 
tions shown in FIG.5 may be indicated by a matrix C with 7 
rows and 10 columns that is shown in the following formula: 

- 1 - 1 - 1 (17) 

1 

0142. In the above formula, each row represents one frame 
configuration shown in FIG.5, in which “1” indicates a down 
link sub-frame, and “-1 indicates an uplink sub-frame. In 
addition, as described above, the specific sub-frame “S” 
shown in FIG. 5 also indicates a downlink sub-frame, that is 
because the first few symbols of the specific sub-frame are the 
downlink sub-frames (in this case, the number of the symbols 
in used when the feature for judging whether each Sub-frame 
is the uplink sub-frame or the downlink sub-frame is 
extracted is preferably less than 3). 
0143. It can be known from the formula (17) that, in the 
matrix C, elements in each column of the 0-th column to the 
second column, the fifth column and the sixth column are the 
same as each other. Therefore, for each row, among 5 ele 
ments in the 0-th column to the second column, the fifth 
column and the sixth column of D.", if more than S, ele 
ments are same as the corresponding elements in C, then it 
may judge that the detection results on the Sub-frames in the 
m-th frame are credible. For example, the credibility of D," 
may be estimated with the following formula: 

DS"(j)C(1, j) (18) S 

i=0,1,2,5,6 

10144) Whereins indicates the credibility of D."). When 
the number of elements among the 5 elements in D," which 
are the same as the corresponding elements in C is relatively 
large, the value of s is relatively large; otherwise, the value of 
S is relatively small. When s elements among the 5 elements 
are the same as the corresponding elements in C, S-1*s,+(- 
1)*(5-s)-2s-5. Therefore, when Se2S-5, it may con 
sider that the judgment result is credible, otherwise, the judg 
ment result may be removed. In the example, considering that 
there are only 5 fixed sub-frame types in the matrix C, thens, 
may be set as 3. s. may also be referred to as a fifth threshold 
value. It should be understood that, the value of the fifth 
threshold values, may be determined according to practical 
applications, which should not be limited to the above 
example. 
0145. In the following, by taking the judgment results 
D," of the n-th group of the secondary users on all sub 
frames in the m-th frame in the above example as an example, 
an example of a method for estimating the credibility of the 
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judgment result may be described. The credibility s of D," 
may be estimated with the following formula: 

i=0,1,2,5,6 

I0146) D,"'e|-1, 1], where a larger value indicates larger 
probability that the sub-frame is a downlink sub-frame, and a 
smaller value indicates larger probability that the sub-frame is 
an uplink Sub-frame. A larger value of S indicates that the 
value for representing the judgment result on the Sub-frame in 
D," is relatively correct, that is, the judgment result D," is 
credible. S is not necessarily an integer. As an example, in a 
case that SeO is satisfied, it is considered that the judgment 
result D," credible. 
0147 FIG. 8 shows another specific embodiment of a 
method for utilizing multiple apparatuses in the secondary 
system to detect the uplink/downlink configuration for the 
channel resource in the primary system. 
0.148. As shown in FIG. 8, the method may include steps 
802, 804, 806, 810, 812 and 816. 
0149 Steps 802,804,806 and 810 are respectively similar 
to steps 402,404, 406 and 410 described above. Specifically, 
the apparatus in the secondary system (which is referred to as 
a first apparatus) receives a communication between appara 
tuses in the primary system; extracts, from the communica 
tion signal, one or more features that can reflect the difference 
between an uplink transmission mode and a downlink trans 
mission mode for the primary system; judges whether the 
channel resource occupied by the communication signal is 
used for the uplink transmission or the downlink transmission 
according to the extracted features; and matches the judgment 
results with one or more standard configurations for the chan 
nel resource in the primary system, to determine the uplink/ 
downlink configuration type of the channel resource in the 
primary system according to the matching result, which are 
not described here in detail. 

0150. At step 812, the first apparatus receives determina 
tion results on the uplink/downlink configuration type of the 
channel resource in the primary system, from one or more 
other apparatuses (which is referred to as a secondapparatus) 
in the secondary system. 
0151 Optionally, after receiving the determination results 
from the second apparatuses, the first apparatus may also 
estimate credibility of the determination result thereof and 
credibility of each of these received determination results, 
and remove a determination result having low credibility (as 
shown in the dashed line block 820 in FIG. 8). The credibility 
may be calculated with the example described above with 
reference to Formula (18) or (19) or an example described 
hereinafter with reference to formula (23) or (27), which is 
not repeated here. 
0152 Then, at step 816, the first apparatus fuses the deter 
mination result thereof and the determination results from 
one or more second apparatuses, to determine the uplink/ 
downlink configuration type of the channel resource in the 
primary system. Specifically, multiple determination results 
may be fused, a matching distance between the fused result 
and each standard configuration may be estimated, and the 
uplink/downlink configuration type of the channel resource 
in the primary system is determined according to the match 
ing distance. 
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0153 Still taking the application scenario shown in FIG.3 
as an example, an example of a method for fusing determi 
nation results of multiple apparatuses in the secondary system 
to determine the uplink/downlink configuration type of the 
channel resource in the primary system is described. It is still 
assumed that the primary system is the TD-LTE system, and 
the 7 frame configurations shown in FIG. 5 are adopted. In 
addition, it is still assumed that n secondary users in the 
secondary system are utilized to determine the uplink/down 
link configuration type of the channel resource in the primary 
system. The determination results of the n secondary users 
on each Sub-frame may be divided into multiple groups, in 
which each group includes the determination results of n, 
secondary users (nen). The determination result of each 
group may be firstly fused, to obtain a decision result includ 
ing the determination results of then secondary users on all 
sub-frames in a frame. For example, the method described 
above with reference to the formula (9) or (14) may be 
adopted to fuse the determination results of then secondary 
users, to obtain a vector D," (or D."). D." (or D,'") is 
compared with each frame configuration shown in FIG. 5, and 
one frame configuration having the Smallest matching dis 
tance from D." (or D,'") may be found. 
0154 As described above, the 7 configurations shown in 
FIG. 5 may constitute the matrix C shown in formula (17). 
I0155) Firstly, taking the vector D," as an example, a 
specific example for utilizing determination results of mul 
tiple apparatuses in the secondary system to determine the 
uplink/downlink configuration type of the channel resource 
in the primary system is described. 
0156. In an example, in order to calculate the matching 
distance between D," and each frame configuration, a dif 
ference between D," and each row in C (corresponding to 
one frame configuration) may be firstly calculated with the 
following formula: 

0157. S." indicates a difference matrix S." between 
D," and C.I, indicates a 7x1 unit matrix. As can be known 
from the formulas (17) and (18), only three kinds of elements 
are in S.'": “-2”, “0” and “2. If an element S." (i. 
k)(0sjs6,0sks9) is “2, then it is indicated that the frame 
configuration is j (a j-th row in the matrix C), and the Sub 
frame k is misjudged as a downlink sub-frame; if S." (i. 
k)(0sjs6,0sks9) is “-2, then it is indicated that the frame 
configuration is j and the Sub-frame k is misjudged as an 
uplink sub-frame; and if S.'"(j,k)(0sjs6,0sks9) is “0”, then 
it is indicated there is no misjudgment. 
I0158. Then, thematching distance between D," and each 
frame configuration in C may be calculated based on the 
number of various elements in S". In the following, two 
specific examples of calculating the mating distance are illus 
trated. 

0159. In one specific example, the matching distance may 
be calculated by utilizing a difference between D," and each 
frame configurations in C. A vector is constituted by the 
matching distances between and D," each frame configura 
tions in C, and is indicated as DI,'". For example, DI" may 
be calculated by utilizing the number of nonzero elements 
(i.e., the number of times that an error decision occurs) in 
S.". The matching distance DI" () (i.e., a j-th element in 
DI") between D," and a j-th configuration type may be 
defined as: 
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Dif”(j) = X. NS (j) (21) 

(0160. Wherein N () indicates the number of non-zero 
elements in a j-th row in S.". 
0.161. In another specific example, when the matching dis 
tance is calculated, an element 'i' may be weighted, to show 
different effects of the nonzero elements “-2 and '2' in 
calculating the matching distance. For example, the following 
formula may be adopted: 

0162. Wherein i=2, -2, 0; (), indicates a weighting coeffi 
cient of an element whose value is i; DI" (i) indicates the 
matching distance between D," and a j-th configuration 
type; and N, (i) indicates the number of non-zero elements in 
a j-th row in S". DI" () (0sjs6) constitute a vector DI, 
", which includes the matching distances between D," and 
respective frame configurations in C. A position of an element 
having the minimum value in DI." corresponds to a frame 
configuration type having a smallest matching distance from 
D". Preferably, co-0, and (), and co- may be set as differ 
ent values. For example, it can make () (), which indicates 
that the matching distance is proportional to the number of the 
sub-frames whose types are different from each other. For 
another example, () may be different from (), and the 
values thereof may be set with reference to error probability 
that an uplink Sub-frame is misjudged as a downlink Sub 
frame or a downlink Sub-frame is misjudged as an uplink 
sub-frame in sub-frame detection, thereby improving the 
accuracy of matching. For example, if the probability P," that 
a downlink Sub-frame is misjudged as an uplink Sub-frame is 
less than the probability P," that an uplink sub-frame is mis 
judged as a downlink Sub-frame, then it is indicated that, in a 
row corresponding to a correct frame configuration type in 
S.", the probability that element"-2” appears will less than 
the probability that element “2 appears. Therefore, it can 
make co->(), to increase the matching distance between a 
frame configuration type that more “-2” appear and D,"; 
otherwise, it can make () <(). 
0163. After the matching distance between the determina 
tion result and each standard configuration is obtained, a 
standard configuration having the Smallest matching distance 
from the determination result may be determined as the 
uplink/downlink configuration type of the channel resource 
in the primary system. 
0164. Optionally, after the matching distance between the 
determination result and each standard configuration is esti 
mated, it may further judge whetherapredetermined relation 
ship is satisfied between the obtained Smallest matching dis 
tance and a predetermined threshold value (which is referred 
to as a sixth threshold value), if yes, then it is considered that 
a standard configuration corresponding to the Smallest match 
ing distance is the uplink/downlink configuration type of the 
channel resource in the primary system. For example, it is 
assumed that the sixth threshold value is denoted by W., only 
if the Smallest matching distance is less than or equal to the 
threshold value, it is determined that the standard configura 
tion corresponding to the Smallest matching distance is valid; 
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otherwise, it is determined that the matching result is invalid. 
Taking the matching distance vector DI" in the above 
example as an example: 

(C. +1; if min DIS" < W, (23) 
The matching is invalid otherwise 

(016.5 N, is a vector, which includes the number of times 
that each standard frame configuration is successfully 
matched which is obtained after the data of M frames has been 
utilized to perform the matching for M times. When the 
minimum element mill DI" in the vector DI" is less than 
or equal to the threshold value W., it is considered that the 
corresponding frame configuration type is credible (that is, 
the corresponding element in N will increase by one 
(which is indicated by N(arg min, DL,")+1 in the above 
formula); otherwise, it is considered that the matching is 
invalid. 
0166 In addition, the following formula is obtained: 

in (argmaxNor) = 1 (24) 

0167. Whereint, indicates a vector, in which a position of 
an element which is “1” indicates the decision result of n, 
Secondary users in an n-th group on the frame configuration 
type. As described above, assuming that n secondary users 
participating in the detection are divided into n groups, and 
each group includes n secondary users (n-n/n), then 
decision results of the n groups on the frame configuration 
type may be obtained, i.e., n vectors t (1snsin). These 
decision results may be further fused, and a final decision 
result may be obtained. For example, the final decision result 
may be calculated with the following formula: 

id (25) 
T = asps. in 

0168 Wherein T indicates the final decision result (i.e., 
the finally determined frame configuration type), that is, a 
frame configuration type that most frequently appears in the 
in frame decision results is selected as the final frame con 
figuration type. 
(0169. In the following, taking the vector D," as an 
example, another specific example for utilizing determination 
results of multiple apparatuses in the secondary system to 
determine the uplink/downlink configuration type of the 
channel resource in the primary system is described. 
(0170 D," adopts a soft information method, and the 
matching distance between D," and each row in the matrix 
C may be calculated with the following formula: 

Don)-CD. (m) (26) 

(0171 Wherein DI" is a vector, and element values 
therein indicate the matching distances between the vector 
D," and respective standard frame configurations. It can be 
seen that, the more alike D," is to a frame configuration, the 
larger the corresponding element value in DI" is. This is 
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opposite to DI" in the example described with reference to 
Formulas (21) and (22). Therefore, a standard configuration 
corresponding to an element with the maximum value in 
DI," may be determined as the uplink/downlink configu 
ration type of the channel resource in the primary system. 
0172 Optionally, it may also estimate whether a predeter 
mined relationship is satisfied between the matching result 
obtained by the above Formula (26) and a predetermined 
threshold value (which is referred to as a seventh threshold 
value), if yes, then it is considered that a standard configura 
tion corresponding to the matching result is the uplink/down 
link configuration type of the channel resource in the primary 
system. For example, the following formula may be adopted: 

it. +1; if maxD?." > With (27) 
The matching is invalid others 

(0173. In the above formula, N, is a vector, which 
includes the number of times that each standard frame con 
figuration is successfully matched which is obtained after the 
data of M frames has been utilized to perform the matching 
for M times. W., indicates the seventh threshold value, and if 
the maximum element value in D," is more than or equal to 
the threshold value, it is considered that the matching result is 
credible (i.e., the corresponding elementinN, will increase 
by one (which is indicated by N(arg min, D")+1 in the 
above formula)); otherwise, it is considered that the matching 
is invalid. 
0.174 Some implementations of an apparatus used in a 
cognitive radio communication system according to the dis 
closure will be described hereinafter. 
0.175 FIG. 10 is a schematic block diagram illustrating a 
structure of an apparatus used in a cognitive radio system 
according to an embodiment. As shown in FIG. 10, the appa 
ratus 1000 may include a receiving device 1001, a feature 
extracting device 1002 and an uplink/downlink judging 
device 1003. The apparatus 1000 may detect an uplink/down 
link configuration for a channel resource in a primary system 
with the methods in the embodiments or examples described 
above with reference to FIG. 1 and so on. 
0176 Specifically, the receiving device 1001 may be used 
to receive a communication signal between respective appa 
ratuses in the primary system, and provide the communica 
tion signal to the feature extracting device 1002. 
(0177. The feature extracting device 1002 may be used to 
extract, from the communication signal received from the 
receiving device 1001, one or more features that can reflect a 
difference between an uplink transmission mode and a down 
link transmission mode for the primary system, and provides 
the feature(s) to the uplink/downlink judging device 1003. 
The feature extracting device 1002 may extract the feature(s) 
with the methods in the embodiments or examples described 
above with reference to FIGS. 1 to 8. For example, the 
extracted features may include at least one of a feature reflect 
ing transmission power of the communication signal, a fea 
ture reflecting a modulation mode for the communication 
signal, and a peak-to-average ratio of the communication 
signal. 
0.178 The uplink/downlink judging device 1003 may be 
used to judge whether the channel resource occupied by the 
communication signal received by the receiving device 1001 
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is used for uplink transmission or downlink transmission, 
according to the feature(s) extracted by the feature extracting 
device 1002. The uplink/downlink judging device 1003 may 
perform the judging with the methods in the embodiments or 
examples described above with reference to FIGS. 1 to 8. 
(0179 The apparatus 1000 described above with reference 
to FIG. 10 utilizes the communication signal received from 
the primary system to judge the uplink/downlink configura 
tion for the channel resource in the primary system. There is 
no deed for the apparatus 1000 to perform information inter 
action with the primary system, therefore, there is no need for 
the primary system to change its system configurations, 
which can better meet the requirement that the secondary 
system is transparent to the primary system under the cogni 
tive radio scenario. 
0180. The apparatus 1000 described above with reference 
to FIG. 10 may be equipped in a user apparatus (SU) in a 
cognitive radio system (which is also referred to as the sec 
ondary system), and may also be equipped in a base station 
(SBS) in the secondary system. 
0181. As a specific embodiment, the apparatus 1000 may 
adopt the method shown in FIG. 2. The feature extracting 
device 1002 may be configured to estimate an energy value of 
the communication signal received by the receiving device 
1001 in the channel resource, as the feature capable of reflect 
ing the difference between the uplink transmission mode and 
the downlink transmission mode for the primary system. The 
uplink/downlink judging device 1003 may be configured to 
judge whether a predetermined relationship is satisfied 
between the energy value estimated by the feature extracting 
device 1002 and a predetermined threshold value (such as the 
first threshold value described above), and if yes, then judge 
that the channel resource is used for the downlink transmis 
sion. Specifically, the uplink/downlink judging device 1003 
may judge whether the estimated energy value is greater than 
the first threshold value, and ifyes, then judge that the channel 
resource is used for the downlink transmission; otherwise, 
judge that the channel resource is used for the uplink trans 
mission. 

0182. As an example, the first threshold value may be set 
according to the maximum uplink transmission power and the 
downlink transmission power of the primary system, which is 
not repeated here. 
0183. As another example, the uplink/downlink judging 
device 1003 may determine the first threshold value, for 
example, according to whether the secondary system can 
acquire relative position (such as distances between respec 
tive nodes) information of all transceivers (i.e., all nodes) in 
the primary system and the secondary system. For example, if 
the secondary system can know about the relative position 
information (i.e., a case that the relative positions between 
respective nodes can be located), the uplink/downlink judg 
ing device 1003 may estimate the accuracy of the uplink/ 
downlink detection, and then accurately set the first threshold 
value according to the accuracy. Alternatively, if the second 
ary system can know about the relative position information 
(i.e., a case that the relative positions between respective 
nodes can be located), the uplink/downlink judging device 
1003 may estimate a maximum value or a minimum value of 
the accuracy of the uplink/downlink detection, and calculate 
a feasible search interval of the first threshold value, and 
thereby search a suitable value within the search interval as 
the first threshold value. The uplink/downlink judging device 
1003 may determine the first threshold value with the meth 
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ods described above with reference to Formulas (A1) to 
(A10), which is not repeated here. When the secondary sys 
tem can not know about the relative position information (i.e., 
a case that the relative positions between respective nodes can 
not be located), the uplink/downlink judging device 1003 
may use a predetermined threshold value set according to the 
maximum uplink transmission power and the downlink trans 
mission power of the primary system, as the first threshold 
value. 

0184. In the specific embodiment described above, the 
apparatus 1000 in the secondary system utilizes the differ 
ence between the uplink transmission power and the down 
link transmission power of the primary system to judge the 
uplink/downlink configuration for the channel resource in the 
primary system. Except for the downlink transmission power 
and the maximum uplink transmission power of the primary 
system, there is no need for the secondary system to acquire 
other priori information about the primary system to judge the 
uplink/downlink configuration, which facilitates the deploy 
ment of the secondary system. 
0185. Optionally, afterjudging that the channel resource is 
used for the uplink transmission by utilizing the energy value 
estimated by the feature extracting device 1002, the uplink/ 
downlink judging device 1003 in the apparatus 1000 may 
further judge whether the uplink channel resource is idle. For 
example, the judgment may be performed by utilizing the 
processing described above with reference to the dashed line 
block 208 in FIG. 2, i.e., utilizing two threshold values (the 
first threshold value and the second threshold value), which is 
not repeated here. 
0186 FIG. 11 is a schematic block diagram illustrating a 
structure of an apparatus 1100 for a cognitive radio commu 
nication system according to another specific embodiment. 
Similar to the apparatus 1000, the apparatus 1100 also 
includes a receiving device 1101, a feature extracting device 
1102 and an uplink/downlink judging device 1103; however, 
the apparatus 1100 differs from the apparatus 1000 in that the 
apparatus 1100 further includes a matching device 1104. 
0187 Functions of the receiving device 1101, the feature 
extracting device 1102 and the uplink/downlink judging 
device 1103 are respectively similar to the functions of the 
receiving device 1001, the feature extracting device 1002 and 
the uplink/downlink judging device 1003 described above. 
The uplink/downlink configuration for the channel resource 
occupied by the communication signal of the primary system 
may be judged with the methods described above with refer 
ence to FIGS. 4 to 9, which is not repeated here. 
0188 The matching device 1104 may used to match the 
judgment result obtained by the uplink/downlink judging 
device 1103 with one or more standard configurations for the 
channel resource in the primary system, to determine the 
uplink/downlink configuration type of the channel resource 
in the primary system according to the matching result. The 
matching device 1104 may perform the matching with the 
methods in the embodiments or examples described above 
with reference to FIGS. 4 to 9. For example, the matching 
device 1104 may calculate a matching distance between the 
judgment result obtained by the uplink/downlink judging 
device 1103 and each standard configuration, and determine 
a standard configuration best matching the judgment result 
according to the matching distance, as the configuration type 
of the channel resource in the primary system (steps 410-1 
and 410-2 shown in FIG. 6), which is not repeated here. 
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(0189 Similar to the apparatus 1000, the apparatus 1100 
may also be configured in a user apparatus (SU) in a cognitive 
radio system (which is also referred to as the secondary sys 
tem), and may also be configured in a base station (SBS) in the 
secondary system. 
0190. The apparatus 1100 in the secondary system may 

utilize priori knowledge about the standard configurations for 
the channel resource in the primary system to further opti 
mize the judgment result on the uplink/downlink configura 
tion for the channel resource in the primary system, thereby 
making the result more accurate. The priori knowledge may 
be, for example, stored in a storage device (which is not 
shown in the figure) associated with the apparatus 1100. The 
storage device may be a memory within the apparatus 1100, 
or may be an external storage device connected with the 
apparatus 1100 and accessible by the apparatus 1100. 
0191 In a specific embodiment, the apparatus 1000 or 
1100 in the secondary system may utilize features extracted 
from multiple communication signals to judge whether the 
channel resource is used for the uplink transmission or the 
downlink transmission. Specifically, the receiving device 
1001 or 1101 may receive multiple communication signals 
(such as multiple frames), and the feature extracting device 
1002 or 1102 may repeatedly perform the processing in step 
104 or 204 or 404 to extract the feature(s) described above 
from the multiple communication signals. The uplink/down 
linkjudging device 1003 or 1103 may repeatedly perform the 
processing in step 106 or 206 or 406, and the matching device 
1104 may repeatedly perform the processing in step 410. In 
this way, influence of a random error event on the matching 
result may be reduced in detecting each sub-frame, thereby 
making the obtained result on the uplink/downlink configu 
ration for the channel resource more accurate. 
0.192 The embodiment or example described above pro 
vides a cognitive radio communication system (a secondary 
system), in which the apparatus 1000 or 1100 is included, and 
the apparatus 1000 or 1100 is used to detect an uplink/down 
link configuration for a channel resource in the primary sys 
tem. The apparatus 1000 or 1100 may be a base station in the 
secondary system, or may also be a user apparatus in the 
secondary system. The apparatus 1000 or 1100 may send the 
judgment result to other apparatuses in the secondary system 
(for example, by utilizing a sending device (which is not 
shown in the figure) in the apparatus 1000 or 1100). 
(0193 For example, if the apparatus 1000 or 1100 is a user 
apparatus in the secondary system, then the user apparatus 
may utilize a sending device thereof (which is not shown in 
the figure) to send the judgment result thereof to a base station 
in the secondary system, and the judgment result is distrib 
uted to other user apparatuses by the base station. Alterna 
tively, the apparatus 1000 or 1100 may utilize a sending 
device thereof (which is not shown in the figure) to send the 
judgment result thereof to other user apparatuses. Further, if 
the apparatus 1000 or 1100 is a base station in the secondary 
system, then the base station may send the judgment result 
thereof to one or more user apparatuses in the secondary 
system. 
0194 In other embodiments, the cognitive radio commu 
nication system (the secondary system) may include multiple 
apparatuses 1000 or 1100, and utilize the multiple appara 
tuses to judge the uplink/downlink configuration for the chan 
nel resource in the primary system simultaneously. The mul 
tiple apparatuses may respectively utilize the sending device 
thereof (which is not shown in the figure) to send the judg 
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ment results thereof to one of the apparatuses, and these 
judgment results are fused by the apparatus. By utilizing the 
multiple apparatuses in the secondary system to cooperate, 
influence of the space distribution of a single apparatus on the 
accuracy of the detection result may be reduced, thereby 
making the obtained result on the uplink/downlink configu 
ration for the channel resource more accurate. 

0.195. In a specific embodiment, the receiving device (such 
as 1101) in an apparatus (such as 1100) in the secondary 
system may be further configured to receive determination 
results on the uplink/downlink configuration type of the chan 
nel resource in the primary system, from one or more other 
apparatuses (which is referred to as a second apparatus) in the 
secondary system (such as step 812). The matching device 
1104 in the apparatus 1100 may be further configured to 
further determine the uplink/downlink configuration type of 
the channel resource in the primary system, according to 
multiple determination results from the apparatus and the 
other apparatuses (the second apparatuses) and one or more 
standard configurations for the channel resource in the pri 
mary system (Such as the processing described with reference 
to step 816). The matching device 1104 may fuse the multiple 
determination results by adopting the method in the embodi 
ment or the example described above with reference to FIG.8 
or 9, and finally determine the uplink/downlink configuration 
type of the channel resource in the primary system according 
to the fused result. For example, the matching device 1104 
may be further configured to, before fusing the multiple deter 
mination results, estimate credibility of each determination 
result, and remove a determination result having low cred 
ibility (Such as the processing in step 820). The matching 
device 1104 may perform the above operations with the meth 
ods described above, which is not repeated here. 
0196. In another specific embodiment, the receiving 
device (such as 1001 or 1101) in an apparatus (such as 1000 
or 1100) in the secondary system may be further configured to 
receive judgment results about whether the channel resource 
occupied by the communication signal between respective 
apparatuses in the another radio communication system is 
used for the uplink transmission or the downlink transmis 
Sion, from one or more other apparatuses (the second appa 
ratuses) in the secondary system (such as the processing in 
step 712). The uplink/downlink judging device (such as 1003 
or 1103) may be further configured to determine whether the 
channel resource occupied by the communication signal of 
the primary system is used for the uplink transmission or the 
downlink transmission, according to the multiple judgment 
results of the apparatus and the other apparatuses (the second 
apparatuses) (Such as the processing described with reference 
to step 714). As a specific example, the uplink/downlink 
judging device (such as 1003 or 1103) may be further con 
figured to, before fusing the multiple judgment results, esti 
mate credibility of each judgment result, and remove a judg 
ment result having low credibility (Such as the processing in 
step 716). The uplink/downlink judging device (such as 1003 
or 1103) may perform the above operations with the methods 
in the embodiments or examples described above, which is 
not repeated here. 
0.197 As a specific embodiment, the feature extracting 
device (such as 1002 or 1102) may be further configured to 
extract synchronization information in the communication 
signal received by the receiving device (such as 1001 or 
1101), to locate channel resources occupied by the commu 
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nication signal. Reference can be made to the processing 
described above with reference to step 203, and it is not 
repeated here. 
0198 In the above embodiments and examples, expres 
sions such as “first and “second are adopted. It should be 
understood by those skilled in the art that, the expressions are 
only used to distinguish terms literally, and do not indicate 
sequence or any other limitation. 
0199. It should be understood that, the above embodi 
ments and examples are exemplary other than being exhaus 
tive, and it should not consider that the disclosure is limited by 
any specific embodiment or example. 
0200. As an example, each step in the method used in the 
cognitive radio system described above and each composition 
module and/or unit in the above apparatus may be imple 
mented in Software, firmware, hardware or a combination 
thereof in the base station (SBS) or the user apparatus (SU) in 
the cognitive radio system, and the Software, the firmware, the 
hardware or the combination thereof is used as a part of the 
base station or the user apparatus. When each composition 
module and/or unit in the above apparatus are configured with 
the software, the firmware, the hardware or the combination 
thereof, specific available methods or ways are well known 
for those skilled in the art, which IS not repeated here. As an 
example, the method and/or the apparatus according to the 
disclosure may be implemented in an existing base station or 
an existing user apparatus, as long as some modifications are 
made to each component in the existing base station or the 
existing user apparatus. 
0201 As an example, in a case where it is implemented 
with the Software or the firmware, programs consisting of the 
software for implementing the above method may be 
mounted, from a storage medium or network, onto a computer 
(such as the general purpose computer 1200 shown in FIG. 
12) having a dedicated hardware structure. When various 
programs are mounted, the computer can perform various 
functions. 
(0202) In FIG. 12, a central processing unit (CPU) 1201 
performs various processing according to a program stored in 
a read only memory (ROM) 1202 or a program loaded from a 
storage section 1208 to a random access memory (RAM) 
1203. In the RAM 1203, data required when the CPU 1201 
performs various processing is also stored as necessary. The 
CPU 1201, the ROM 1202 and the RAM 1203 are connected 
with each other via bus 1204. An input/output interface 1205 
is also connected to the bus 1204. 
0203 The following components are linked to the input/ 
output interface 1205: an input section 1206 (including a 
keyboard, a mouse and the like), an output section 1207 
(including a display such as a cathode-ray tube (CRT) and a 
liquid crystal display (LCD), a speaker and the like), a storage 
section 1208 (including a hard disk and the like) and a com 
munication section 1209 (including a network interface card 
Such as a LAN card, a modem and the like). The communi 
cation section 1209 performs communication processing via 
a network such as internet. A driver 1201 may also be linked 
to the input/output interface 1205 as necessary. A removable 
medium 1211. Such as a magnetic disk, an optical disk, a 
magneto-optical disk and a semiconductor memory, may be 
mounted onto the driver 1210 as necessary, so that a computer 
program read from the removable medium 1211 may be 
mounted into the storage section 1208 as necessary. 
0204. In a case where a series of processing described 
above is implemented by the Software, programs consisting 
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of the software may be amounted from a network such as 
internet or a storage medium Such as the removable medium 
1211. 

0205. It should be understood by those skilled in the art 
that, the storage medium is not limited to the removable 
medium 1211 shown in FIG. 12 which stores a program 
therein and distributes the program separately from the appa 
ratus to provide the program to the user. An example of the 
removable medium 1211 includes a magnetic disk (including 
a floppy disk (registered mark)), an optical disk (including a 
compact disc read only memory (CD-ROM) and a digital 
Versatile disk (DVD)), a magneto-optical disk (including a 
mini disk (MD) (registered mark)) and a semiconductor 
memory. Alternatively, the storage medium may be a hard 
disk included in the ROM 1202 or the storage section 1208 
and the like, which stores a program therein and is distributed 
to the user together with the apparatus in which the storage 
medium is included. 

0206. The disclosure further provides a program product 
with a machine readable instruction code stored thereon. The 
instruction code, when being read and performed by a 
machine, may perform the above methods according to the 
embodiments of the disclosure. 

0207. Accordingly, a storage medium used to carry the 
above program product with a machine readable instruction 
code stored thereon is also included in the disclosure. The 
storage medium includes, but is not limited to, a floppy disk, 
an optical disk, a magneto-optical disk, a memory card, a 
memory stick and the like. 
0208. In the above description of the specific embodi 
ments of the disclosure, features described and/or illustrated 
for one embodiment may be used in one or more other 
embodiments in a same or similar way, combined with fea 
tures in other embodiments, or substitute features in other 
embodiments. 

0209. It should be emphasized that, term “comprise?in 
clude”, when used herein, indicates the presence of a feature, 
an element, a step or a component, which does not exclude the 
presence or addition of one or more other features, elements, 
steps or components. 
0210. In addition, the method in the disclosure is not lim 
ited to be performed in the time sequence described in the 
specification, and may be performed in other time sequences, 
in parallel or independently. Therefore, the execution 
sequence of the method described in the specification should 
not be considered as limiting the technical scope of the dis 
closure. 

0211 Although the disclosure has been disclosed above 
by the description of the specific embodiments of the disclo 
sure, it should be understood that, all of the above embodi 
ments and examples are exemplary rather than being restric 
tive. Various modifications, improvements or equivalents to 
the disclosure may be designed by those skilled in the art 
without deviation from the spirit and scope of the appended 
claims. It should be understood that, these modifications, 
improvements or equivalents are also within the scope of 
protection of the disclosure. 

1-25. (canceled) 
26. An electronic device, comprising a circuitry configured 

tO: 

receive a radio communication signal for another device; 
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determine, based on the radio communication signal, one 
or more features that can reflect a difference between an 
uplink transmission mode and a downlink transmission 
mode; and 

judge whether the radio communication signal is for the 
uplink transmission or the downlink transmission 
according to the one or more features. 

27. The electronic device according to claim 26, wherein 
the one or more features comprises at least one of the follow 
ing features: 

a feature reflecting transmission power of the communica 
tion signal, a feature reflecting a modulation mode of the 
communication signal, and a peak-to-average ratio of 
the radio communication signal. 

28. The electronic device according to claim 26, wherein 
the circuitry is further configured to: 

estimate an energy value of the communication signal in a 
channel resource as the feature; and 

judge whether a predetermined relationship is satisfied 
between the estimated energy value and a first threshold 
value, and if yes, then judge that the radio communica 
tion signal is for the downlink transmission. 

29. The electronic device according to claim 28, wherein 
the first threshold value is set according to a maximum uplink 
transmission power and a downlink transmission power of a 
radio communication system in which the another device 
operates. 

30. The electronic device according to claim 28, wherein 
the circuitry is further configured to: 

acquire information about relative positions between 
nodes in a radio communication system in which the 
electronic device operates and in the radio communica 
tion system in which the another device operates; 

estimate, according to the information about the relative 
positions, a probability of misjudging whether the radio 
communication signal is for uplink transmission or 
downlink transmission; and 

determine a first threshold value according to the estimated 
probability value. 

31. The electronic device according to claim 28, wherein 
the circuitry is further configured to: 
when it is judged that the radio communication signal is for 

the uplink transmission, further judge whether the esti 
mated energy value is less than or equal to a second 
threshold value; and if yes, then judge that the radio 
communication signal is for uplink transmission and is 
idle, 

wherein the second threshold value is set according to the 
maximum uplink transmission power of the radio com 
munication system in which the another device operates 
and an environment background noise value, and the 
second threshold value is less than the first threshold 
value. 

32. The electronic device according to claim 26, wherein 
the circuitry is further configured to judge whether a channel 
resource occupied by the radio communication signal is for 
the uplink transmission or the downlink transmission. 

33. The electronic device according to claim 32, wherein 
the circuitry is further configured to match the judgment 
result with one or more standard configurations for a channel 
resource in a radio communication system in which the 
another device operates, to determine an uplink/downlink 
configuration type of the channel resource in the radio com 
munication system according to the matching result. 
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34. The electronic device according to claim 33, wherein 
the circuitry is configured to perform the matching by: 

calculating a matching distance between the judgment 
result and each standard configuration; and 

determining a standard configuration best matching the 
judgment result according to the matching distance. 

35. The electronic device according to claim 33, wherein 
the circuitry is further configured to receive determination 

results on the uplink/downlink configuration type of a 
channel resource in the radio communication system 
from one or more other device; and 

to determine the uplink/downlink configuration type of the 
channel resource in the radio communication system 
according to a plurality of determination results from the 
another devices and the one or more other devices and 
one or more standard configurations for the channel 
resource in the radio communication system. 

36. The electronic device according to claim 35, wherein 
the circuitry is further configured to: estimate credibility of 
each determination result, and remove a determination result 
having low credibility. 

37. The electronic device according to claim 32, wherein 
the circuitry is further configured to receive judgment 

results on whether the channel resource occupied by the 
radio communication signal is used for uplink transmis 
sion or downlink transmission from one or more other 
device; and 

the circuitry is configured to determine whether the chan 
nel resource occupied by the radio communication sig 
nal is used for the uplink transmission or the downlink 
transmission according to the judgment result from the 
electronic device and the judgment results from the other 
device. 

38. The electronic device according to claim 37, wherein 
the circuitry is further configured to estimate credibility of 
each judgment result, and remove a judgment result having 
low credibility. 

39. The electronic device according to claim 32, wherein 
the circuitry is further configured to determine synchroniza 
tion information in the radio communication signal to locate 
channel resources occupied by the radio communication sig 
nal. 

40. The electronic device according to claim 32, wherein 
the circuitry is further configured to judge whether the chan 
nel resource is used for the uplink transmission or the down 
link transmission by utilizing features determined based on a 
plurality of radio communication signals. 

41. The electronic device according to claim 26, wherein 
the radio communication signal is a communication signal 
based on time division transmission. 

42. The electronic device according to claim 26, wherein 
the electronic device operates in a cognitive radio system. 

43. A method used in a radio communication system, com 
prising: 

receiving by a circuitry a radio communication signal for 
another device; 

determining by the circuitry, based on the communication 
signal, one or more features that can reflect a difference 
between an uplink transmission mode and a downlink 
transmission mode; and 

judging by the circuitry whether the radio communication 
signal is for the uplink transmission or the downlink 
transmission according to the one or more features. 
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44. The method used in the radio communication system 
according to claim 43, wherein the one or more features 
comprises at least one of the following features: 

a feature reflecting transmission power of the communica 
tion signal, a feature reflecting a modulation mode for 
the radio communication signal, and a peak-to-average 
ratio of the radio communication signal. 

45. A non-transitory computer-readable medium encoded 
with computer-readable instructions thereon, the computer 
readable instructions, when executed by a computer, cause 
the computer to perform a method comprising: 

receiving a radio communication signal for another device; 
determining, based on the communication signal, one or 

more features that can reflect a difference between an 
uplink transmission mode and a downlink transmission 
mode; and 

judging whether the radio communication signal is for the 
uplink transmission or the downlink transmission 
according to the one or more features. 

k k k k k 


